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PREFACE 

The  papers  which  are  collected  in  this  second  volume  of 
Contributions  have  been  prepared  by  officers  or  students  in  the 
Department  of  Comparative  Anatomy,  and  have  recently 
appeared  in  various  scientific  journals.  In  the  Table  of  Con- 
tents and  on  the  title  page  of  each  separate  paper  will  be 
found  the  place  and  time  of  publication. 
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THE  IMPORTA^XT  OF  EXTENDED  SCIEXTIFIC  INVESTIGATION. 


By  H.  C.  BUMPUS,   Ph.  D., 
Professor  of  Comparative  Anatomy,  Bro7im  Universitv. 


We  meet  here  as  members  of  a  governmeut  that  within  less  than  three  decades 
has  not  only  revolutionized  the  methods  of  fish-culture,  but  has  preserved  to  its 
several  States,  inland  as  well  as  seaboard,  an  industry  yielding  an  aunual  income  of 
over  $45,000,000;  a  government  which  now  maintains  for  the  propagation  of  its  fishes 
a  fleet  of  steam  and  sailing  vessels,  more  than  a  score  of  liberally  equipped  hatching 
and  breeding  stations,  and  which  gratuitously  issues  to  those  unable  to  inspect  its 
work  a  series  of  publications  of  great  value  to  practical  fishermen,  of  vast  importance 
to  the  fish-culturist,  and  of  sterling  worth  to  the  scientific  world.  The  names  of  Baird, 
Verrill,  Goode,  and  Eyder  are  familiar  in  every  college  and  university,  and  their  well- 
worn  publications  are  conspicuous  in  biological  laboratories  from  Italy  to  Scandinavia, 
and  from  Liverpool  to  Tokyo.  Abstracts  from  reports  of  the  United  States  Fish  Com- 
mission form  a  considerable  proportion  of  the  last  annual  of  the  British  laboratory  at 
Plymouth,  England,  and  other  governments  have  frequently  sent  commissioners  to 
inspect  our  hatcheries  and  acquaint  themselves  with  American  methods  of  work. 

We  should  be  careful,  however,  lest  the  consciousness  of  a  successful  past  act  as 
a  sedative  for  the  present.  The  lines  of  research  wisely  indicated  by  the  founders,  I 
might  rather  say  founder,  of  American  fish-culture  should  be  assiduously  followed, 
and  the  bypaths  explored.  The  excellent  reports  of  the  one  lately  in  charge  of  the 
Division  of  Fishery  Methods  and  Statistics  of  the  Commission — the  secretary  of  this 
Congress — give  an  annual  guarantee  of  the  work  actually  accomplished  and  prove 
beyond  peradventure  that  the  Commission  is  not  only  self-supporting,  but  that  the 
fisheries  under  its  assistance  are  of  rapidly  increasing  importance. 

The  introduction  of  the  shad  into  the  Pacific  has  yielded  an  average  income  of 
approximately  $20,000,  and  the  shad  industry  of  the  Atlantic,  an  industry  yielding 
$2,000,000  annually,  owes  its  continuance,  if  not  also  its  existence,  to  the  eftbrts  of 
the  United  States  Fish  Commission.  The  planting  of  cod  fry  upon  the  coast  of  New 
England  has  replenished  the  waters  of  the  east,  and  it  is  a  fact  that  the  fish  were  so 
plentiful  in  Narragansett  Bay  during  the  past  autumn  that  nets  could  not  be  drawn, 
and  the  neighboring  markets  became  overstocked. 

The  intelligent  propagation  of  the  cod  rests  upon  the  scientific  work  of  Professor 
liyder.  Successful  shad  raising  is  largely  due  to  the  researches  and  devices  of  Com- 
missioner McDonald.  The  life-history  of  the  oyster  was  practically  unknown  until 
worked  out  by  Professor  Brooks.  The  migrations  of  the  menhaden  were  unexplained 
before  the  researches  of  Dr.  Peck.  The  woik  of  Professor  Libbey  bears  directly  upon 
the  question  of  distribution  of  the  mackerel,  and  I  venture  to  predict  that  successful 

177 

F.  C.  ]!.  1S97— 1:: 


178  BULLETIN    OF    THE    UNITED    STATES    FISH    COMMISSION. 

sponge-culture  will  follow  upon  the  coutiuuatiou  of  the  work  begun  at  Woods  Hole 
by  Prol".  H.  V.  Wilson.  A  eoiitiiiuance  of  these  and  similar  lines  of  research  is  an 
absolute  necessity  for  the  growth  and  development  of  the  more  immediately  practical 
work  of  propagation  and  distribution. 

The  collection  and  distribution  of  seeds  is  not  the  only  function  of  the  Depart- 
ment of  Agriculture.  This  Department  maintains  a  corps  of  scientitic  workers  at 
home  and  abroad,  and  there  is  not  a  State,  county,  town,  or  hamlet  that  is  not  directly 
benefited  by  the  results  of  its  organized  system  of  acquiring  and  diffusing  knowledge. 
The  eflorts  of  the  United  States  Fish  Commission  have  been  along  similar  lines  and 
have  yielded  grand  results,  but  the  i)ossibilities  of  the  development  of  the  fish 
industry  have  scarcely  been  indicated. 

For  some  years  the  starfish  have  wrought  havoc  among  the  oysters  of  the  colder 
water  of  our  coast.  The  fishermen  have  laboriously  "mopped"  the  ''beds"  with 
tangles  of  cotton  waste,  but  have  remained  quite  ignorant  of  the  life  habits  of  their 
enemy.  A  brief  scientific  study  of  the  subject,  however,  has  revealed  many  facts 
which  point  toward  a  possible,  if  not  a  probable,  early  correction  of  the  evil.  It  has 
been  found  that  the  young,  almost  microscopic,  gather  in  a  narrow  band  along  the 
shore,  hidden  in  the  eelgrass,  w^here  they  may  be  killed  off  by  the  thousand  with  little 
labor  and  slight  expense.  Fach  oysterman,  quite  unwittingly,  has  been  actually 
supporting,  immediately  around  his  oyster-bed,  a  nursery  for  the  proj^agation  of  his 
enemy,  the  starfish. 

In  one  direction  in  particular  there  is  crying  need  of  both  extended  and  extensive 
scientific  research.  I  refer  to  a  matter  that  received  some  attention  at  the  Chicago 
congress,  namely,  that  research  which  shall  result  in  the  development  of  the  marhet  for 
food-fish.  I  think  I  do  not  overstate  the  fact  when  I  say  that  there  should  be  three 
times  as  much  fish  consumed  as  is  consumed  at  the  present  time.  The  problem  is  not 
alone  how  shall  we  produce  more  fish,  but  how  shall  we  improve  the  industry  by  jiro- 
viding  a  better  and  a  more  stable  market  for  what  is  already  produced.  I  feel  that  the 
fisherman  and  the  fish-dealer  are  in  a  measure  resiionsible  for  the  fact  that  the  average 
American  can  not  endure  fish  oftener  than  one  day  in  seven,  and  were  it  not  for  a  wise 
provision  of  the  church  perhaps  one  day  in  seven  would  be  far  too  frequent.  While 
the  dressing  and  shii)pingof  meat  and  poultry  has  become  almost  an  art,  the  methods 
of  dressing  and  handling  fish  are  crude  in  the  extreme. 

The  abuse  of  fish  as  an  article  of  food  begins  at  the  moment  it  is  captured  and 
extends  to,  and  often  beyond,  the  kitchen.  I  need  not  relate  the  rough  handling  on 
board  the  smack,  the  careless  i^acking,  aiul  the  slovenly  condition  of  our  markets; 
these  are  all  prejudicial  to  the  consumer  as  well  as  to  the  fish;  but  I  wish  to  emphasize 
the  fact  that  they  are  also  sources  of  great  loss  to  the  dealer. 

The  blood  that  is  ordinarily  allowed  to  remain  in  the  fish  is  the  very  medium  that 
the  bacteriologist  uses  for  the  culture  of  microbes,  and  its  retention  in  the  body  of 
the  fish  provides  the  very  medium  in  which  the  germs  of  decay  delight.  Should  the 
fisherman  bleed  the  fish  immediately  on  its  capture  he  would  do  much  toward  its 
reaching  the  consumer  in  a  healthy  condition. 

The  digestive  organs  of  the  fish  are  very  active,  and  its  processes  of  digestion 
continue  after  death;  but  while  before  death  the  contents  of  the  alimentary  tract  are 
alone  acted  upon,  after  death  the  digestive  ferments  attack  the  surrounding  tissues, 
and  they  attack  these  tissues  with  great  energy.    A  few  minutes  is  often  sufBcient 
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for  the  deterioration  of  the  flesh  immediately  inclosing  the  abdominal  cavity.  It 
would  be  a  great  saving  to  the  dealer  if  the  fish  could  be  disemboweled  and  thor- 
oughly washed  as  soon  as  captured. 

Decay  is  practically  an  infectious  disease.  It  is  the  direct  result  of  the  activity 
of  certain  microscopic  organisms.  If  these  organisms  have  difficulty  in  entering  the 
tissue  of  the  fish,  or  if  their  activity  is  inhibited  through  the  application  of  cold  or 
certain  chemicals,  the  process  of  decay  is  retarded.  Every  time  a  fish  is  roughly 
handled,  thrown  upon  the  deck  or  i^itched  about  as  so  much  offal,  walked  upon  or 
bruised  in  any  way,  the  continuity  of  its  flesh  is  broken  and  decay  germs  flood  into 
the  rupture.  The  slightest  bruise  of  an  apple  or  pear  results  in  the  formation  of  a 
center  of  decay  quite  visible  to  the  eye.  In  the  fish  the  center  of  decay  is  not  so  easily 
detected  by  the  eye,  but  it  is  nevertheless  present,  and  its  presence  is  damaging  to 
the  dealer  and  disappointing  to  the  consumer. 

Animal  tissue  absorbs  water  very  readilj',  but  on  the  absorption  of  water  it 
changes  its  structure,  loses  its  flavor,  and  rapidly  deteriorates.  Fish  should  not  be 
allowed  to  lie  in  their  own  slime  on  wet  floors,  or  in  poorly  drained  barrels  aiul  boxes. 

The  present  method  of  shii)j)ing  fish  by  the  use  of  chopped  ice  is  crude,  expensive, 
and  often  ineffectual.  Poultry,  meat,  or  anything  but  a  fish  would  find  no  market  if 
shipped  in  a  similar  way.  The  fish  arrive  at  their  destination  in  a  thoroughly  unin- 
viting condition,  they  are  reeking  with  slime  and  filth,  ghastly  to  the  sight,  offensive 
to  the  smell,  and  disgusting  to  the  touch. 

If  the  retailer,  along  the  coast  as  well  as  inland,  can  be  provided  with  fish  that 
have  been  properly  killed,  skillfully  cleaned,  and  carefully  handled  he  will  be  in  a 
position  to  present  them  to  his  customers  in  an  attractive  form,  and  the  consumer  will 
discover  that  all  fish  do  not  taste  alike,  which  is  synonymous  with  saying,  all  fish  are 
not  equally  bad. 

While  urging  that  all  lines  of  research  already  undertaken  by  the  Government 
should  be  continued,  I  would  suggest  that  a  definite  series  of  experiments  be  insti- 
tuted which  shall  ascertain  the  best  methods  of  preparing,  packing,  shipping,  storing, 
and  retailing  fish,  for  I  am  convinced  that  improvements  are  possible  along  all  these 
lines,  and  that  with  improvement  the  demand  for  food- fish  will  be  very  materially 
increased.  Such  an  investigation,  moreover,  is  eminently  appropriate  to  the  United 
States  Fish  Commission,  since  private  enterprise  can  not  be  expected  to  experiment 
unselfishly  for  the  public  good. 

This  opens  up  another  question :  When  more  improved  methods  have  been  devised, 
how  shall  these,  as  well  as  the  innumerable  improved  methods  already  familiar  to  the 
Commission,  be  brought  to  the  attention  of  the  fisherman  ? 

There  is  no  school,  academy,  or  college,  to  my  knowledge,  in  the  entire  United 
States  which  gives  even  one  short  course  in  the  economics  of  fish-culture.  There  are, 
however,  over  1,000,000  men,  women,  and  children  dependent  upon  the  fisheries  for 
their  existence.  The  importance  of  providing  instruction  in  practical  fishery  has 
already  resulted  in  the  establishment  of  schools  in  Norway,  Sweden,  Germany,  and 
Japan.  Dr.  J.  Lawrence- Hamilton  has  indicated  the  scope  and  outlined  the  courses 
for  a  Fisherfolk's  Free  Technical  School  in  England,  and  the  late  Professor  Goode 
urged  the  establishment  of  similar  schools  in  this  country.  Though  the  first  purpose 
of  such  a  school  should  be  to  instruct,  its  laboratory  would  provide  opportunities  for 
research,  its  field  equipment  would  stimulate  investigation,  and  its  existence  would 
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gfiiaraiitee  the  eollectiou  aud  preservation  of  scientific  data  that  would  be  of  incal- 
cuhible  value  to  the  fisherman  as  well  as  to  the  dealer. 

It  is  a  fact  that  at  present  there  is  not  a  single  institution  along  our  entire  coast 
where  one  can  observe  the  habits  of  our  marine  animals  uninterruptedly  throughout 
the  year.  There  is  no  place  where  our  biologists  may  go  for  a  few  weeks  during  the 
winter  or  early  spring,  when  the  ocean  is  teeming  with  animal  life.  The  summer 
months  are  as  the  autumn  to  marine  forms,  and  he  who  would  study  ocean  life  at  its 
best  nuist  work  in  the  early  spring.  The  organization  or  individual  that  accomi)lislies 
the  establishment  of  a  permanent  institution  where  instruction  in  practical  fish-culture 
and  fishery  economics  can  be  given ;  where  apparatus  is  provided  for  the  investigation 
of  the  lakes,  rivers,  and  sea:  where  naturalists  from  our  universities  and  commission- 
ers from  our  States  will  be  welcome  at  all  times  of  the  year,  and  where  problems  of 
scientific  and  economic  interest  can  be  studied  and  solved,  will  obtain  what  Baird, 
Goode,  and  Ryder  saw  in  the  distant  future,  and  will  combine  and  control  the  purely 
practical  aud  the  purely  scientific.  The  need  of  American  biology  to  day  is  the  same 
as  the  need  of  successful  fish  culture — coordination,  cooperation,  and  the  establish- 
ment of  a  station,  or  the  devotion  of  a  station  already  established,  like  that  at  Woods 
Hole,  to  instruction  and  to  extended  uninterrupted  scientific  research. 

Providence,  Khode  Island. 
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I,  General. 

No  protoplasmic  structure  has  been  the  object  of  greater 
interest  or  incited  more  investigation  during  the  last  few  years 
than  the  centrosome.  The  fact  that  it  remained  undiscovered 
until  a  comparatively  recent  date,  and  that,  with  modern 
technique,  it  has  been  found  to  occur  in  cells  representing 
many  different  tissues  in  a  variety  of  animals  and  plants, 
would  alone  place  the  centrosome  in  a  conspicuous  position  in 
the  literature  on  the  cell;  but  the  difficulty  and  uncertainty 
often  attending  the  demonstration  of  this  structure,  its  minute- 
ness, the  variety  of  phases  under  which  it  manifests  itself,  the 
diversity  and  supreme  importance  of  the  functions  attributed 
to  it,  either  as  the  bearer  of  hereditary  qualities  or  as  the 
organizer  and  director  of  cell-activities,  have  stimulated  re- 
search and  discussion  to  an  extraordinary  degree. 

The  literature  on  the  centrosome  has  developed  two  general 
problems  toward  the  solution  of  which  the  results  of  these 
observations  are  contributed. 
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(a)  The  Morphological  Relation  of  the  Centrosome  to  the  Other 
Organs  of  tJie  Cell. 

This  problem  demands  consideration  of  the  doubt  as  to  the 
very  existence  of  the  centrosome  as  a  definite  cell-organ,  and  of 
the  uncertainty  as  to  the  identity  of  this  organ  in  case  it  exists. 

The  possibility  that  bodies  described  as  centrosomes  are  fre- 
quently artifacts  does  not  rest  solely  upon  the  negative  evidence 
of  numerous  observers  who  fail  to  find  centrosomes  where  they 
might  be  expected  to  occur,  but  upon  the  fact  that  similar  bodies 
can  be  produced  by  the  coagulative  action  of  certain  reagents. 

The  classic  centrosomes,  which  dance  the  quadrille  in  the 
%%,%  of  Strongylocentrotns  lividiis  (Fol,  '9i)  are  not  found  by 
later  workers  in  the  eggs  of  closely  related  sea-urchins.  In  his  first 
paper  on  the  "  Fertilization  of  Toxopneustes,"  Wilson  main- 
tains that  in  well-preserved  material  "  there  is  absolutely  noth- 
ing to  be  identified  as  a  centrosome,"  though  irregular  clumps 
—  fortuitous  groups  of  granules  —  closely  similar  to  those 
described  by  Fol  as  "  centrosomes  "  may  be  produced  by  the 
destructive  action  of  picro-osmic  acid.  Eismond  {Anat.  Ans., 
X,  7,  8)  and  others  have  suggested  that  the  centrosomes  or 
"  centrioles  "  have  been,  at  least  in  some  cases,  produced  by 
the  clotting  action  of  reagents,  and  do  not  represent  actual  cell- 
organs.  But  in  view  of  the  fact  that  so  many  investigators 
have  demonstrated  the  centrosome  in  many  different  cells  and 
with  different  reagents,  and  that  in  some  instances  this  struc- 
ture can  be  followed  through  a  constant  and  continuous  series 
of  changes,  including  growth  and  division,  it  is  safe  to  maintain 
that  the  centrosome  is  an  actual  organ  of  the  cell. 

While  the  existence  of  the  centrosome  has  been  established 
beyond  a  reasonable  doubt,  there  still  remains  the  puzzling 
question  of  identity.  Structures  widely  different  in  appearance 
have  been  called  centrosomes,  and  the  same  structure  has  been 
designated  by  this  and  by  various  other  names.  Much  confu- 
sion, therefore,  arises  from  the  terminology,  though  the  dis- 
crepances can  by  no  means  be  assigned  to  this  cause  alone,  for 
there  are  differences  of  interpretation  in  regard  to  the  morpho- 
logical limitations  of  the  structure  itself. 
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Watase's  endeavor  to  bring  into  relation  the  various  proto- 
plasmic structures,  cyto-microsomes,  "  centrosomes,"  Zzt/zj-r/^^;/- 
korper,  rod-like  "  centrosomes  "  of  the  pigment-cell,  contraction- 
band  of  the  muscle-cell  etc.,  is  an  attempt  to  extend,  not  the 
terminology,  but  the  homology  of  the  centrosome.  Which  of 
the  three  concentric  structures  —  centrosphere,  centrosome,  or 
centriole  —  at  the  centre  of  the  aster  in  Echinus  (Boveri)  is  the 
morphological  equivalent  of  the  centrosomes  of  Strongylocen- 
trotus  (Fol),  the  large  centrosphere  of  Toxopneustes  (Wilson), 
the  scattered  centrosomes  in  the  leucocyte  (Heidenhain),  the 
centrosphere-like  centrosomes  of  Crepidula(Conklin),  the  minute 
centrosomes  of  Myzostoma  (Wheeler),  Chaetopterus  (Mead), 
and  Thalassema  (Griffin),  must,  terminology  aside,  remain  a 
matter  of  interpretation  based  on  structural  and  physiological 
characters. 

It  is  usually  assumed  that  that  structure  in  the  aster  which 
persists  through  the  various  stages  of  mitosis  is  to  be  consid- 
ered the  centrosome,  whether  it  be  a  large  reticular  area 
(Crepidula),  a  minute  dot  frequently  surrounded  by  such  an 
area,  or  a  structure  midway  between  the  two  (Echinus).  On  this 
principle  Wilson,  in  his  paper  on  the  "  Archoplasm,  Centro- 
some, and  Chromatin  of  the  Sea-urchin  Egg,"  raises  his  pre- 
viously described  "  central  mass"  of  the  aster  of  Toxopneustes  to 
the  morphological  value  of  a  centrosome,  though  he  has  since, 
on  other  grounds,  altered  this  interpretation.  "  What,  then, 
shall  we  identify  in  the  sperm-aster  of  Toxopneustes  as  the 
*  centrosome  '  in  Boveri's  sense,  i.e.,  as  the  structure  that  divides 
to  form  the  dynamic  centres  of  the  ensuing  cleavage .''  I  think 
the  only  structure  that  can  answer  to  this  definition  is  the 
central  mass  of  the  aster,  i.e.,  the  substance  of  the  original 
middle-piece,  without  regard  to  its  subsequent  morphological 
differentiation." 

It  was  on  precisely  these  grounds  that,  in  a  preliminary  paper 
on  the  "  Fecundation  of  Chastopterus,"  I  identified  the  minute 
dark  granules  in  the  centres  of  the  asters  as  centrosomes,  and 
endeavored  to  show  that  the  centrosomes  which  were  developed 
in  connection  with  the  sperm-aster  persist  and,  by  successive 
divisions,  furnish  the  centrosomes  of  each  cleavage-spindle  up 
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to  the  S-cell  stage.  Having  requested  some  of  my  preparations 
for  examination,  Wilson  says  in  referring  to  them  {Atlas  of 
Fertilization,  p.  20) :  "  The  central  mass  of  the  aster  undoubtedly 
contains  at  this  period  (early  phase  of  the  cleavage-amphiaster) 
one  or  two  deeply  staining  centrioles,  which  in  this  case  may 
possibly  have  the  morphological  value  of  centrosomes."  How- 
ever, reexamination  of  all  the  stages  with  new  material  supports 
my  earlier  interpretation  that  these  structures  have  unquestion- 
ably the  morphological  value  of  centrosomes. 

More  recently  Wilson  also  has  discovered  two  deeply  stain- 
ing "  centrioles  "  in  the  aster  of  the  Qg%  of  the  annelid  Nereis, 
and  Griffin,  working  under  his  direction,  has  found  the  same 
in  Thalassema.  Griffin  has  also  showed  that  these  granules, 
arising  in  the  sperm-aster,  persist  through  the  first  cleavage- 
amphiaster,  divide  and  give  rise  to  the  centrosomes  of  the 
succeeding  amphiasters.  In  view  of  these  results,  which  indi- 
cate that  "  the  true  centrosome  certainly  corresponds  to  the 
central  granule  or  centriole,"  Wilson  is  inclined  to  modify  again 
his  interpretation  of  the  identity  of  the  centrosome,  and  to 
believe  that  further  research  will  bring  out  the  "  minute 
central  centrosome  "  in  Toxopneustes,  and  in  all  similar  cases 
where  they  appear  to  be  absent, 

I  am  indebted  to  Dr.  F.  R.  Lillie  for  permission  to  refer  to 
some  extremely  interesting  unpublished  observations  on  the 
egg-centrosomes  of  Unio  which,  doubtless,  will  throw  a  great 
deal  of  light  upon  the  question  of  identity.  From  the  stage  in 
which  it  has  the  appearance  of  a  minute,  deeply  staining  dot, 
the  centrosome  is  traced,  step  by  step,  through  a  metamor- 
phosis in  many  of  whose  phases  its  identity  would  not  ordi- 
narily be  recognized. 

The  problem  of  the  morphological  relation  of  the  centrosome 
to  the  other  organs  of  the  cell  involves  also  the  important  ques- 
tions of  its  origin  and  its  persistence.  This  question,  both  sides 
of  which  have  the  support  of  eminent  authority,  has  been  stated 
by  Watas6  ('94)  in  the  following  terms:  "According  to  the  one 
view  (i)  the  centrosome  is  a  permanent  or  ultimate  organ  of 
the  cell,  an  organ  sni  generis,  and  coexistent  with  other  organs 


No.  2.]       CENTROSOMES  IN  THE  ANNELID   EGG.  1 85 

of  the  cell,  as  the  nucleus  and  the  cytoplasm.  According  to 
the  other  view  (2)  the  centrosome  is  a  derivative  structure, 
arising  by  the  modification  of  some  preexisting  element  in  the 
ceil,  as  the  chromosome,  nucleolus,  or  the  cytoplasm." 

The  theory  that  the  centrosome  is  a  permanent  and  ultimate 
organ  of  the  cell  finds  direct  support  in  the  observations  of  a 
number  of  investigators,  which  prove  beyond  doubt  that  the 
centrosome  is  capable  of  self-division  and  growth,  and  that  it 
may  persist  from  one  generation  to  another. 

In  Chaetopterus  the  centrosomes  can  be  seen  distinctly  in 
every  phase  of  mitosis,  and  are  always  surrounded  by  an  aster, 
even  in  the  resting  stage.  On  the  other  hand,  in  certain 
animals,  the  centrosomes  are  not  always  demonstrable  in  the 
asters.  Sometimes  both  the  asters  and  the  centrosomes  vanish 
for  a  while  and  then  reappear  (Wheeler,  Lillie,  MacFarland, 
etc.).  It  is  conceivable,  however,  that,  though  invisible,  the 
centrosomes  may  be  present  in  the  cell,  for  they  have  been 
found  to  lie  naked  in  the  cytoplasm,  bereft  of  rays  (Heiden- 
hain,  '93). 

To  maintain  that  the  centrosomes  are  absent,  simply  because 
they  are  not  demonstrable,  is,  of  course,  to  base  an  assumption 
upon  negative  evidence,  a  procedure  especially  dangerous  when 
applied  to  the  centrosome,  inasmuch  as  this  structure  is,  at 
best,  very  minute,  and  comparatively  difficult  to  demonstrate, 
even  when  its  exact  position  is  indicated  by  the  presence  of  an 
aster. 

But,  admitting  that  the  centrosome  is  "a  persistent  morpho- 
logical element  having  the  power  of  growth,  division,  and 
persistence  in  the  daughter  cells,"  and  even  admitting  that  it 
exists  incognito,  it  remains  to  be  proved  that  it  arises  only  by 
division  from  a  preexisting  centrosome  and  that  it  does  not 
cease  to  exist  as  a  morphological  element  in  cells  which 
subsequently  possess  centrosomes. 

Watase  has  pointed  out  that  the  transition  between  centro- 
somes and  other  structures  of  the  cytoplasm  should  be  sought, 
not  among  the  most  highly  developed  typical  centrosomes,  such 
as  are  to  be  found  in  mitosis,  but  among  structures  —  centro- 
somes or  homolos:ues  of  centrosomes  —  which  are  less  persistent 
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and  pass  more  easily  from  one  phase  into  another;  for  example, 
the  Zwischcnkorpcr  and  the  contraction-band  in  muscle-cells. 

But  the  origin  and  behavior  of  the  asters  and  centrosomes 
in  the  maturation  of  Chretopterus  directly  support  the  interpre- 
tation that  the  centrosomes  arise  dc  novo  out  of  the  cytoplasm 
and  are  resolved  into  it,  and  that  they  are  not,  therefore,  per- 
manent organs  of  the  cell,  like  the  chromosomes,  although  some 
of  them  show  a  considerable  degree  of  persistence. 

Leading  up  to  the  formation  of  the  first  maturation-amphi- 
aster,  there  are  formed  within  the  egg  a  large  number  of  distinct 
asters  (seventy-five  more  or  less),  two  of  which  —  the  primary 
—  come  to  lie  at  the  poles  of  the  maturation-spindle. ^  The 
view  held  by  the  majority  of  recent  workers  that  the  aster  is 
"  formed  under  the  influence  of  the  centrosome,"  or  the  admis- 
sion that  the  centrosome  is  in  any  way  a  constant  feature  or 
necessary  adjunct  of  the  aster  (and  without  this  hypothesis  there 
is  no  force  in  the  permanent-organ  theory)  offers  a  dilemma: 
either  {a)  this  cell  (the  oocyte  of  the  first  order)  contains  a 
very  large  number  of  centrosomes  which  have  arisen  by  the 
division  of  a  preceding  centrosome,  or  (b)  it  contains  a  large 
number  of  centrosomes  which  have  arisen  de  novo  out  of  the 
cytoplasm.  If  one  accepts  the  first  alternative,  he  must  imagine 
a  satisfactory  explanation  of  the  origin  of  the  many  centrosomes 
from  a  preceding  element  of  the  same  kind,  and  of  their  distri- 
bution to  the  various  portions  of  the  cytoplasm,  and  must  also 
account  for  the  total  disappearance  of  by  far  the  larger  portion 
of  them.  It  is  hard  to  reconcile  such  wholesale  disappearance 
with  the  notion  of  the  centrosome  as  a  permanent  and  ultimate 
organ  of  the  cell. 

Multiple  asters,  similar  to  those  in  Chaetopterus,  have  been 
described  by  Carnoy  in  Ascaris  during  the  formation  of  the 
second  polar  globule,  and  by  Reinke  ('94)  in  the  peritoneal 
cells  of  the  larval  salamander.  Reinke  groups  the  multiple 
asters  into  three  classes, —  primary,  secondary,  and  tertiary 
mechanical  centres,  —  according  to  the  degree  of  their  develop- 
ment. The  primary  mechanical  centres,  which  contain  a  true 
centrosome,  arise  by  the  coalescence  and  further  development 

^  Possibly  several  coalesce  to  form  each  aster  (see  p.  195). 
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of  the  secondary  and  these  in  turn  arise  in  a  similar  manner 
from  the  tertiary  centres.  Watase  has  seen  in  the  Qgg  of 
Macrobdella  "  a  series  of  thirteen  asters,  ranging  from  a  minia- 
ture aster,  with  a  microsome  for  its  centre,  to  the  normal  aster, 
with  a  veritable  centrosome." 

Morgan  ('96)  found  numerous  "artificial  astrospheres  "  in 
sea-urchin  eggs  kept  in  sea-water  to  which  i]4f)  salt  had  been 
added.  The  salt,  he  believes,  stimulates  the  living  eggs  to  pro- 
duce these  structures.  It  is  interesting  that  the  multiple  asters 
appear  in  the  eggs  of  Chsetopterus  immediately  after  they  have 
been  deposited  in  sea-water.  The  latter  probably  contains  more 
salt  than  the  fluids  of  the  body-cavity  of  the  worm. 

R.  Hertwig  ('95)  has  shown  that  minute  quantities  of  strich- 
nine  stimulate  the  production  of  asters  (even  amphiasters)  in 
the  maturated  unfertilized  egg  of  the  sea-urchin.  No  centro- 
somes,  however,  were  found. 

Osterhout  ('97)  has  recently  described  in  Equisetum  the 
origin  of  the  amphiaster  from  multiple  asters,  though  no  cen- 
trosomes  were  demonstrable.  In  the  egg  of  Unio,  during  the 
metaphase  of  the  second  maturation-spindle,  a  supernumerary 
aster  appears,  remains  for  a  short  period,  and  then  vanishes. 
The  interesting  question  presents  itself,  —  If  this  supernumerary 
aster  contains  a  centrosome,  from  what  preceding  centrosome 
does  it  arise }  If  it  does  not  contain  a  centrosome,  the  latter  is 
not  a  necessary  feature,  much  less  the  originator,  of  the  aster. 

Referring  to  the  observations  of  Reinke,  Watase,  Morgan, 
and  Hertwig,  Wilson  says :  "  All  these  observations  are  of  high 
interest  in  their  bearing  on  the  historical  origin  of  the  centro- 
some; but  they  do  not  prove  that  the  centrosome  of  the  normal 
aster  ever  arises  by  free  formation.  On  the  whole,  the  evidence 
has  steadily  increased  that  the  centrosome  is  to  be  classed 
among  the  permanent  cell-organs;  but  whether  it  ranks  with 
the  nucleus  in  this  regard  must  be  left  an  open  question  " 
("  Cell,"  p.  226)} 

1  In  the  appendix  to  the  second  edition  of  this  book  on  the  "  Cell,"  Wilson  is 
inclined  to  adopt  a  conclusion  nearly  related  to  that  which  he  maintained  in  an 
earlier  paper  {'95),  by  reason  of  recent  observations  which  "  throw  grave  doubts 
upon  the  hypothesis  of  the  universal  autonomy  and  genetic  continuity  of  the 
centrosome." 
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The  multiple  asters  in  the  ^gg  of  Chaetopterus  are  certainly 
normal ;  they  are  demonstrable  in  the  living  eggs,  are  brought 
out  by  various  reagents,  are  a  constant  feature  of  every  egg  at 
a  certain  stage  of  its  development,  and  always  undergo  a  con- 
stant and  continuous  series  of  consecutive  changes.  Therefore, 
as  far  as  the  phenomena  in  Chaetopterus  prove  the  free  forma- 
tion of  the  centrosome  at  all,  they  prove  it  in  the  normal 
aster;  and  the  same  can  be  said  of  Reinke's  observation. 

(b)   The  Function  of  the  Centrosomes  in  Fertilization. 

The  classic  papers  of  Boveri  ('87,  '9l)  and  Fol  ('91)  formulated 
and  brought  intoprominence  two  distinct  theories  of  fertilization: 
that  of  Boveri  rests  upon  the  supposition  that  the  centrosome  is  the 
dynamic  centre  of  the  cell  and  initiates  cell-activities.  It  implies 
also  that  the  centrosome  is  a  permanent  and  ultimate  cell-organ, 
handed  down  from  one  generation  to  another  by  means  of  the 
spermatozoon.  The  gist  of  the  theory  appears  in  a  paragraph 
from  his  earlier  paper:  "The  ripe  eggs  possess  all  the  organs 
and  qualities  necessary  for  division,  excepting  the  centrosome, 
by  which  division  is  initiated.  The  spermatozoon,  on  the  other 
hand,  is  provided  with  a  centrosome,  but  lacks  the  substance  in 
which  this  organ  of  division  may  exert  its  activity.  Through 
the  union  of  the  two  cells  in  fertilization,  all  the  essential 
organs  necessary  for  division  are  brought  together;  the  egg 
now  contains  a  centrosome  which,  by  its  own  division,  leads  the 
way  in  the  embryonic  development."  Rewrites  also:  "The 
end  of  fertilization  is  the  union  of  the  germ  nuclei  and  the  equal 
distribution  of  their  substance,  while  the  active  agent  in  this 
process  is  the  centrosome.  ...  It  is  the  centrosome  alone  that 
causes  the  division  of  the  egg,  and  is,  therefore,  the  fertilizing 
element  proper."     To  these  conclusions  Wilson  subscribes.^ 

Fol  maintained,  on  the  other  hand,  that,  in  fertilization,  the 
centrosomes  of  the  cleavage-amphiaster  arise  by  the  fusion  of 
sperm-centrosomes  and  egg-centrosomes,  just  as  the  cleavage- 
nucleus  is  formed  by  the  union  of  the  sperm-nucleus  and  the 
egg-nucleus.    The  centrosome  at  either  pole  of  the  amphiaster 

^  Wilson,  "The  Cell,"  p.  140. 
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is  composed  of  both  male  and  female  elements ;  for  the  original 
sperm-centrosome  and  egg-centrosome  divide  into  two,  and  each 
daughter-centrosome  derived  from  the  sperm  fuses  with  one  of 
the  daughter-centrosomes  derived  from  the  Q%g.  The  obvious 
inference  which  has  been  drawn  from  these  phenomena  is  that 
"  fertilization  consists,  not  only  in  the  adding  together  of  the 
two  pronuclei  derived  from  individuals  of  different  sexes,  but 
also  in  the  fusion  of  four  half-centres  derived  from  the  father 
and  the  mother  into  two  new  bodies,  the  astrocentres  "  (centro- 
somes).^  Obviously,  if  the  permanent  presence  and  fusion  of 
the  sperm-  and  egg-nuclei  indicate  that  these  structures  are  the 
vehicles  of  hereditary  properties,  the  same  function  may  be 
predicated  of  the  centrosomes. 

The  results  of  Guignard's  researches  on  the  fertilization 
of  the  lily  and  Conklin's  work  on  the  gasteropod  Crepidula 
agree  in. all  essential  respects  with  those  of  Fol  on  the  sea- 
urchin.  According  to  almost  every  other  observer,  however, 
either  the  sperm-centrosome  or  the  egg-centrosome,  or  both, 
disappear  before  the  formation  of  the  cleavage-amphiaster —  a 
phenomenon  manifestly  incompatible  with  Fol's  interpretation 
of  their  functions  in  fertilization.  The  fusion  of  the  sperm-  and 
egg-centrosomes  in  fertilization  is  not  of  universal  occurrence, 
and  the  inference  that  these  structures  are  vehicles  for  the  con- 
veyance of  hereditary  qualities  is  unwarranted. 

But  the  observations  which  discredit  Fol's  interpretation  do 
not  confirm,  in  every  case,  Boveri's  theory  of  fertilization. 
Wheeler  showed  that  in  Myzostoma  there  is  no  indication  that 
a  centrosome  is  brought  in  by  the  spermatozoon  or  that  a 
centrosome  or  aster  subsequently  develops  in  connection  with 
the  sperm-nucleus.  On  the  other  hand,  the  egg-centrosomes 
derived  from  the  second  maturation-spindle  accompany  the  o.g'g- 
pronucleus  as  it  approaches  that  of  the  sperm.  During  the 
approach  of  the  pronuclei  the  egg-centrosomes  move  away 
from  each  other  as  though  they  were  to  form  the  poles  of  the 
cleavage-amphiaster ;  but  during  a  certain  brief  period  "  it  is 
extremely  difficult  or  even  impossible  to  make  out  the  egg- 
centrosomes."    It  is  probable  that  these  bodies  —  certainly  not 

1  Fol  ('91),  p.  274;  Conklin  ('94),  p.  18. 
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the  sperm-centrosomes  —  enter  into  the  formation  of  the  first 
cleavage-spindle. 

Miss  Foot's  (-97)  account  of  the  origin  of  the  cleavage-cen- 
trosomes  in  AllolobopJiora  foctida  does  not  accord  with  Boveri's 
theory  of  fertilization  nor  with  that  of  Fol.  "  The  Qg^  attrac- 
tion sphere  is  present  during  the  two  maturation  divisions,  but 
after  the  second  polar  body  is  formed  and  the  female  pronucleus 
begins  to  develop  it  totally  disappears.  The  sperm  attraction 
sphere  is  present  until  the  head  of  the  spermatozoon  begins  to 
develop  into  the  male  pronucleus,  when  it  also  totally  disappears. 
Both  spheres  are  absent  during  a  relatively  long  period  {i.e., 
while  the  growing  pronuclei  are  developing) ;  and  when  the  two 
pronuclei  have  attained  their  maximum  size  and  are  in  contact, 
two  attraction  spheres  again  appear  in  the  cytoplasm  and  the 
cleavage-spindle  is  formed." 

Lillie  ("97)  has  observed  a  peculiar  behavior  of  the  centrosomes 
and  asters  in  Unio.  After  undergoing  extraordinary  meta- 
morphoses, the  egg-centrosomes  alone  enter  into  the  formation 
of  the  cleavage-amphiaster,  as  they  do  in  Myzostoma ;  a  con- 
spicuous comet-like  aster  with  a  centrosome  develops  in  con- 
nection with  the  sperm-nucleus,  but  totally  disappears  before 
the  pronuclei  come  together. 

MacFarland's  ('97)  results  on  Pleurophyllidia  are  similar  to 
those  of  Miss  Foot  on  Allolobophora  in  that  both  Qgg-  and  sperm- 
centres  are  apparently  absent  during  a  certain  period  preceding 
the  union  of  the  pronuclei. 

All  these  observations  form  a  serious  obstacle  in  the  way  of 
accepting  Boveri's  theory  of  fertilization,  but  there  is  a  further 
and  perhaps  more  serious  difficulty  in  the  insecurity  of  the 
hypotheses  underlying  the  theory  itself;  viz.,  (a)  that  the  cen- 
trosome is  a  permanent  organ  of  the  cell,  and  [b)  that  it  initiates 
and  directs  the  cell-activities.  We  have  already  referred  to  the 
question  of  the  validity  of  the  first  of  these  hypotheses  (p.  185), 
and  comparison  of  the  normal  fertilization  phenomena  of  vari- 
ous forms  leaves  room  for  doubt  as  to  the  validity  of  the  second. 
The  eggs  of  various  animals  attain  to  different  stages  of  matu- 
ration before  fertilization  takes  place ;  some  remain  in  the 
germinal-vesicle    stage  (with  no  visible    centrosome  or  aster) 
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and  await  the  entrance  of  the  spermatozoon  (Nereis),  some 
remain  in  the  metaphase  of  the  first  maturation-amphiaster 
(Chaetopterus),  while  others  proceed  with  the  formation  of  the 
polar  globules  and  the  reconstitution  of  the  egg-nucleus  before 
fertilization  (sea-urchin).  If  it  is  the  function  of  the  centro- 
somes  upon  being  brought  into  the  ^^g  "  to  organize  the 
machinery  of  mitotic  division,"  ^  its  task  must  be  very  different 
in  different  eggs ;  for  in  one  it  must  first  organize  the  machinery 
for  the  two  maturation-divisions,  in  another  it  finds  this 
machinery  already  organized  but  in  a  state  of  rest,  and  in  a 
third  it  has  to  organize  only  the  machinery  for  the  first  cleavage- 
mitosis. 

In  Chaetopterus  the  behavior  of  the  sperm-centrosomes  is 
strictly  orthodox,  according  to  Boveri's  doctrine  ;  they  are  the 
centrosomes  of  the  first  cleavage-spindle,  and  give  rise  by 
division  to  those  of  the  succeeding  spindles,  while  the  egg-cen- 
trosomes  totally  disappear.  Nevertheless,  it  does  not  seem 
necessary  to  conclude  that  it  is  by  virtue  of  the  presence  of  the 
sperm-centrosomes,  rather  than  of  the  sperm-nucleus,  that 
the  maturation-processes  are  resumed,  even  if  we  grant  that 
the  spermatozoon  brings  in  the  centrosomes.  An  adequate 
demonstration  that  the  sperm-centrosomes  are  actually  carried 
into  the  egg  by  the  entering  sperm  is,  moreover,  extremely 
difficult  to  make,  and  it  is  perfectly  possible,  as  Miss  Foot  has 
urged,  that  in  many  cases  these  structures  arise  de  novo  out  of 
the  egg-cytoplasm  in  the  vicinity  of  the  middle-piece  of  the 
spermatozoon. 

The  foregoing  considerations  lead  to  the  conclusion  that  the 
centrosomes  in  fertilization  are  neither  vehicles  of  hereditary 
qualities  nor  the  active  agents  which  organize  the  machinery 
of  mitotic  division,  but  that  they  may  be,  like  other  centro- 
somes, "the  expression  rather  than  the  cause  of  cell-activities." 

1  Wilson,  "  The  Cell,"  p.  171. 
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II.     Descriptive. 
(a)  Collection  and  Preparation  of  Material. 

The  observations  recorded  in  the  following  pages  were  made 
upon  the  eggs  of  CJicBptoptcrns  pergavientacetis  Cuvier,  pro- 
cured at  the  Marine  Biological  Laboratory,  Woods  Holl,  Mass., 
during  the  summers  of  1894,  1896,  and  1897. 

These  extraordinary  annelids  are  found  below  low-water 
mark  in  leathery  tubes.  The  latter  are  U-shaped,  ten  to 
fifteen  inches  long,  about  an  inch  in  diameter  in  the  widest 
part,  and  are  buried  beneath  the  mud  except  half  an  inch  at 
either  end.  After  being  removed  from  the  tubes  the  animals 
may  be  kept  alive  for  a  few  days  in  an  aquarium;  they  are 
quite  helpless  in  their  new  environment,  and  usually  lie  on 
their  side,  keeping  up  continuously  the  rhythmical  respiratory 
movement  of  their  wing-like  body-folds,  which,  under  natural 
conditions,  would  serve  to  create  currents  of  water  through  the 
tubes.  When  disturbed  at  night,  they  emit  a  phosphorescent 
light,  apparently  dependent  upon  a  secretion  from  epidermal 
glands,  for  the  water  in  which  they  have  been  kept  becomes 
itself  slightly  phosphorescent. 

The  sexes  are  readily  distinguished,  the  body-wall  being 
nearly  transparent  and  the  posterior  segments  distended  with 
eggs  or  spermatozoa.  The  large  parapodia  hold  the  sexual 
products,  and  any  number  may  be  cut  off  without  injury 
to  the  worm.  The  eggs  may  be  fertilized  at  any  time 
during  the  day  or  night  and  will  develop  normally,  provided 
the  sperm  is  added  within  a  few  hours  after  they  have  been 
removed  from  the  ovaries.  This  is  true  of  every  individual 
collected  during  the  months  of  July  and  August,  and  indicates 
that  the  eggs  are  probably  carried  in  the  body  for  many  days  after 
they  are  perfectly  mature  and  ready  to  be  fertilized.  If  the 
eggs  are  kept  in  sea-water  for  half  an  hour  or  more  and  not 
fertilized,  all  except  the  smaller  ovarian  eggs  are  found  to  have 
the  first  maturation-spindle  well  formed,  in  its  definitive  posi- 
tion, and  always  in  the  same  stage  of  development,  i.e.,  the 
metaphase  or  equatorial-plate  stage.     But,  if  the  eggs  are  ex- 
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amined  after  having  remained  07ily  a  few  viimites  in  sea-water, 
they  are  all  found  to  contain  the  germinal  vesicle  and  no 
spindle.  It  is  evident,  therefore,  that  sea-water  in  some  way 
stimulates  the  eggs  to  the  production  of  the  maturation- 
spindles. 

(b)  Method  of  Fixing  and  Staining. 

The  best  preparations  were  obtained  by  fixing  the  eggs  in 
Boveri's  picro-acetic  acid,  and  staining  with  Heidenhain's  iron- 
alum  hematoxylin,  followed  by  orange  G.  The  slides  were 
left  in  4fo  iron-alum  for  half  an  hour,  rinsed,  and  left  in  ^  fo 
hsematoxylin  for  twelve  hours.  After  drawing  the  color  with 
iron-alum,  the  slides  were  dipped  in  an  aqueous  solution  of  orange 
G  or  Bordeaux  red.  Hermann's  fluid,  Flemming's  fluid,  and  a 
mixture  of  Hermann  and  formalin  also  gave  satisfactory  results, 
though  the  staining  was  not  so  brilliant.  Sublimate-acetic 
usually  wrought  havoc  in  the  region  of  the  centrosphere,  though 
the  astral  rays  were  not  destroyed.  The  sections  varied  in 
thickness  from  three  to  seven  and  one-half  microns. 

(c)  Origin  of  the  Matiiration-Spijidle. 

The  figures  in  Plate  I  represent  sections  of  the  unfertilized 
eggs  during  the  growing-period  and  up  to  the  formation  of  the 
first  maturation-spindle.  As  may  be  seen  in  Fig.  i,  the 
smaller  eggs  lie  nearest  the  lumen  of  the  ovarian  tubule.  They 
are  characterized  by  their  relatively  large  nuclei  and  their  com- 
pact cytoplasm  which  stains,  throughout  the  ^gg,  a  nearly  uni- 
form deep  purple  (PI.  XVI,    Figs.  \,  a,b,  and  2). 

The  older  eggs,  usually  more  remote  from  the  lumen  of  the 
tubule,  are  larger,  the  increase  in  size  being  due  in  great 
measure  to  the  accumulation  of  yolk,  the  distribution  of  which 
is  accompanied  by  noteworthy  changes  in  the  appearance  of 
the  cytoplasm.  The  latter  takes  on  the  appearance  of  a  reticu- 
lum composed  of  beaded  strands  which  stain  purple,  while 
within  the  meshes  lie  the  pale  yellow  yolk-granules.  Up  to 
the  time  when  the  ^gg  has  attained  about  two-thirds  its  full 
size,  only  a  part  of  the  protoplasm  presents  the  loose  reticular 
appearance;  the  rest  remains  as  dark  purple  masses,  which  I 
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consider  to  be  equivalent  to  the  nebeiikerne  or  paranuclei  of 
various  authors  (Fig.  i,  c,  d,f).  These  masses  are  not  homo- 
geneous, but  resolve  themselves  into  a  cytoplasmic  network, 
of  which  the  meshes  are  much  compressed,  and  the  strands 
usually  parallel  with  the  surface  of  the  nucleus,  though  at  the 
periphery  of  the  masses  they  fray  out  and  become  continuous 
with  the  open  network  which  contains  the  yolk  (Fig.  i,  g, 
Fig.  I,  par.n.,  Fig.  4,  par.n).  Frequently  sections  show  but 
one  mass  of  this  sort,  crescentic  in  outline,  with  the  concavity 
toward  the  nucleus,  and  occasionally  some  of  the  constituent 
fibres,  instead  of  running  parallel  with  the  nucleus,  are  rolled 
up  spirally.  As  a  rule,  however,  the  paranucleus  is  fragmented 
and  numerous  portions  are  found  in  a  zone  between  the  nucleus 
and  the  periphery  of  the  egg.  The  substance  within  the 
meshes  of  the  paranuclear  reticulum  does  not  take  the  yellow, 
but  the  blue  or  the  purple  stain. 

As  the  Qg%  accumulates  more  yolk  and  increases  in  size, 
the  paranuclei,  through  a  process  of  continuous  ravelling, 
become  resolved  into  the  network  which  now  presents  a 
nearly  uniform  appearance  throughout  the  cytoplasm.  The 
last  traces  of  the  fragmented  paranucleus  are  recognizable 
even  when  composed  of  only  two  or  three  strands  (Fig.  4). 
The  reticulum  can  be  traced  with  ease  to  the  extreme 
periphery,  where  it  forms  what,  in  section,  appears  to  be  a 
distinct  beaded  line,  running  entirely  around  the  egg.  Im- 
mediately inside  this  outer  "pellicle"  is  a  narrow  zone  con- 
taining a  single  layer  of  yolk-granules  regularly  arranged 
(Fig.  9),  and  in  this  zone  the  strands  of  the  cytoplasm  are 
comparatively  few.  The  nuclear  membrane  is  continuous  with 
the  cytoreticulum  and  presents  a  similar  granular  appearance. 
During  the  growth  of  the  ovum  the  character  of  the  reticulum 
is  constantly  changing  in  respect  both  to  the  shape  of  the 
meshes  and  to  the  thickness  of  the  component  strands.  In  later 
phases  of  the  paranucleus,  and  immediately  after  its  disappear- 
ance, the  reticulum  is  particularly  easy  to  demonstrate.  The 
strands  are,  at  this  time,  thick,  richly  stained,  and  seem  to  be 
composed  of  a  series  of  granules  arranged  in  linear  order,  while 
the  meshes  are  small  and,  in  section,  nearly  circular  in  outline. 
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But  although  the  structure  of  the  reticulum,  the  peripheral 
egg  membrane  (pellicle),  and  the  nuclear  membrane  are  easily 
demonstrable  and  beautifully  clear  throughout  the  cytoplasm, 
there  is,  as  yet,  no  trace  of  anythmg  suggesting  a  centrosome  or 
an  aster.  As  the  ^gg  grows  larger,  however,  the  outlines 
of  the  meshes  become  polygonal  rather  than  circular  (Fig.  6), 
and  show  rather  pronounced  nodes.  Eggs  which  have  reached 
this  stage  of  development,  when  placed  in  sea-water  continue 
to  develop  as  far  as  the  formation  of  the  first  maturation-spindle. 
The  tendency  of  the  fibrils  of  the  network  to  straighten  becomes 
accentuated,  so  that  many  of  them  extend  in  straight  lines  for 
a  distance  several  times  the  diameter  of  the  single  meshes 
(Fig.  6).  Moreover,  these  longer  fibrils  radiate  from  common 
centres,  and  in  this  way  there  arise  in  the  cytoplasm  a  number 
of  miniat7ire  asters  (Figs.  6,  7).  At  first  the  asters  possess  only 
two  or  three  rays,  but  the  latter  soon  increase  in  number  and 
in  length  at  the  direct  expense  of  the  remaining  network.  The 
formation  of  asters  continues  until  a  climax  is  reached,  when 
one  can  count  no  less  than  seventy-five  distinct  asters  scattered 
about  through  the  cytoplasm  of  a  single  ^gg.  They  are  most 
numerous  in  the  zone  formerly  occupied  by  the  paranucleus. 
These  structures  correspond  closely  to  the  "  secondary  mechani- 
cal centres  "  of  Reinke,  and,  for  reasons  which  appear  further 
on,  I  have  called  them  secondary  asters} 

All  stages  in  the  development  of  the  asters  out  of  the  polyg- 
onal network  may  be  represented  in  a  single  section,  yet  often 
many  of  the  larger  asters  are  approximately  equal  in  size, 
and,  though  distinct  from  one  another,  are  frequently  so 
close  together  that  their  rays  intercross  (Fig.  7).  The  nuclear 
membrane  now  presents  a  peculiar  appearance,  being  drawn 
out  into  numerous  sharp  points  —  a  phenomenon  which  is 
probably  correlated  with  the  development  of  the  multiple 
asters  (Fig.  7). 

The  period  of  development  characterized  by  the  multiple 
asters  is  not  of  long  duration.  Two  of  the  asters  gain  pre- 
dominance over  the  others  in  point  of  size,  and  continue  to 
grow   larger,   while   the    others    gradually  evanesce   (Fig.   8). 

1  Mead  ('97a). 
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These  two  primary  asters  ("primary  mechanical  centres," 
Reinke,  '94)  arise  at  some  distance  from  the  wall  of  the  germi- 
nal vesicle,  and  usually  about  ninety  degrees  from  each  other, 
though  they  may  be  nearer  together  or  even  farther  apart.  I 
am  not  prepared  to  say  at  present  whether  the  primary  asters 
are  formed  by  the  further  growth  and  specialization  of  two 
of  the  secondary  asters  or  by  the  union  and  coalescence  of 
several. 

The  nuclear  membrane  regains  its  regular  contour  when  the 
multiple  asters  have  vanished,  except  for  a  deep  sinus  in  the 
vicinity  of  each  of  the  two  primary  asters  (Figs.  8,  9).  A  well- 
defined  centrosome,  staining  dark  brown,  now  appears  in  the 
centre  of  each  aster,  surrounded  by  an  area  of  lighter  color 
(centrosphere)  from  which  the  large  granular  astral  rays  diverge 
in  all  directions.  These  are  the  centrosomes  and  asters  of  the 
first  maturation-spindle  (Figs.  9-13).  The  centrosphere  always 
stains  brown,  though  very  much  lighter  than  the  centrosome. 
The  rays  from  the  two  asters  give  the  appearance  of  actually 
pushing  in  the  nuclear  membrane,  though  the  latter  remains 
for  a  while  intact. 

The  rays  of  the  two  primary  asters  are  many  of  them  coarse 
and  quite  extensive  (Fig.  9).  They  do  not,  however,  reach  the 
periphery,  but  break  up  into  the  network  which  extends  through- 
out the  whole  cytoplasmic  portion  of  the  ^g'g.  Eventually  the 
nuclear  membrane  disappears,  though  the  region  corresponding 
to  the  germinal  vesicle  still  takes  a  stain  different  from  the 
rest  of  the  protoplasm  and  has  also  a  different  texture 
(Figs.  10,  II). 

Between  the  two  asters  a  spindle  is  formed  which  remains 
for  some  time  near  the  vanishing  germinal  vesicle,  but  at  right 
angles  to  the  radius  of  the  Q:gg.  The  rays  from  the  asters  enter 
the  region  of  the  vesicle,  the  chromosomes  gather  at  the  equator 
of  the  spindle,  and  the  latter  gradually  swings  around  to  its 
definitive  position,  perpendicular  to  the  surface  of  the  ^g^ 
(Figs.  10-13).  The  nucleolus,  meantime,  breaks  up  into  a 
number  of  pieces  which  remain  for  a  time  in  the  vicinity  of  the 
spindle,  but  gradually  degenerate  and  disappear.  The  centro- 
somes divide  very  early  before  the   spindle  begins   to  move 
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toward  the  surface,  and  appear  as  two  distinct  dots  in  the 
midst  of  a  clear  yellow  centrosphere  at  either  end  of  the  spindle. 

The  fibres  of  the  central  spindle  differ  in  color  from  the 
other  fibres  of  the  asters,  staining  yellowish  brown  with  orange 
G  (or  red  with  Bordeaux)  much  like  the  centrospheres,  while 
the  other  rays  are  purplish.  The  chromosomes,  moreover,  do 
not,  at  first,  lie  directly  between  the  two  poles,  but  upon  the 
surface  of  the  central  spindle  (Fig.  lo);  later  they  seem  to 
insinuate  themselves  between  its  fibres  (Fig.  ii). 

The  remains  of  the  germinal  vesicle  are  evident  for  some 
time  after  the  spindle  has  assumed  its  definitive  position,  but 
gradually  fade  away  (Figs.  12-15).  Having  reached  the  meta- 
phase  the  spindle  remains  without  apparent  change  until  the 
egg  is  fertilized.  The  astral  rays  extend  for  a  long  distance 
into  the  cytoplasm,  intercross  with  one  another,  and  break  up 
at  the  ends  into  the  cytoreticulum,  which  is  now  much  more 
delicate  and  finer  than  during  the  earlier  stages  when  the 
paranucleus  was  disappearing. 

It  is  difficult  to  understand  why  the  process  of  karyokinesis 
should  be  suspended  at  this  time,  for  the  apparatus  of  division 
is  apparently  ready,  the  asters  are  well  developed,  the  chromo- 
somes in  position  at  the  equator  of  the  spindle,  and  the  centro- 
somes  have  divided  in  anticipation  of  the  next  mitosis  (Figs. 
13-16). 

(d)  Observations  upon  the  Unfertilized  Living  Eggs. 

During  the  past  summer  I  have  examined  a  large  number  of 
living  eggs  to  confirm  the  results  obtained  from  the  study 
of  preserved  material.  Full-grown  eggs  taken  from  the  body- 
cavity  of  the  female  and  examined  under  slight  pressure  in- 
variably show  a  germinal  vesicle  with  even  contour,  and  inside 
the  vesicle  the  nucleolus.  The  cytoplasm  is,  at  first,  uniformly 
opaque,  but  in  two  or  three  minutes  a  number  of  light  points 
appear,  and  soon  the  whole  cytoplasm  is  studded  with  a  multi- 
tude of  secondary  asters.  Since  the  yolk  is  repelled  from  the 
centre  of  the  asters,  the  latter  appear  as  transparent  spots  in 
an  opaque  field.  After  about  four  minutes  two  of  the  asters 
(primary  asters)   become    especially    distinct    and    the    others 


igS  MEAD.  [Vol.  XIV. 

gradually  evanesce.     The  two  arise  separately,  sometimes  near 
together,  sometimes  far  apart. 

When  one  of  these  living  primary  asters  is  examined  under 
a  high  power,  the  yolk-granules  can  be  seen  to  move  away  from 
the  centre  with  a  trembling,  vibratory  motion.  Later  the  areas 
free  from  yolk  extend  to  the  region  between  the  two  asters, 
which  represents  the  central  spindle,  and  within  about  ten 
minutes  after  the  egg  is  placed  in  sea-water  the  whole  amphi- 
aster  migrates  to  its  definitive  position  at  the  periphery  of  the 

The  changes  in  the  contour  of  the  germinal  vesicle  and  its 
final  disappearance  can  also  be  followed  in  the  living  egg.  All 
these  phenomena  afford  a  complete  confirmation  of  the  results 
already  obtained  from  the  study  of  preserved  material. 

(e)  Fertilization. 

The  spermatozoon  of  Chaetopterus  has  a  bullet-shaped  head 
and  a  long  vibratile  tail.  When  first  teased  out  into  sea-v/ater, 
it  remains  motionless  for  a  few  minutes,  but  soon  becomes 
extremely  active.  Apparently  it  may  penetrate  the  egg  at  any 
point  on  the  surface,  though  it  usually  enters  nearer  the  vege- 
tative pole.  Polyspermy  is  rare.  The  entrance  of  the  sper- 
matozoon initiates  profound  changes  in  all  parts  of  the  Qgg. 
The  latent  activity  of  the  maturation-amphiaster  is  revived  ; 
the  polar  globules  and  the  female  pronucleus  are  formed  while 
the  sperm  is  but  a  very  minute  and  inconspicuous  body  in  a 
distant  portion  of  the  egg. 

Other  changes  are  begun  in  the  vicinity  of  the  spermatozoon 
itself.  After  it  has  penetrated  a  little  distance,  a  diminutive 
aster  with  two  centrosomes  lying  close  together  and  surrounded 
by  a  minute  centrosphere  maybe  seen  near  it  (Fig.  19).  These 
two  centrosomes  are  the  sperm-centrosomes,  though  in  Chae- 
topterus  I  am  not  sure  that  they  are  actually  carried  in  by  the 
spermatozoon.  However  this  may  be,  the  sperm-centrosomes 
separate  as  the  head  of  the  spermatozoon  enlarges  to  form  the 
male  pronucleus,  and,  as  they  separate,  the  rays  diverging  from 
them  become  more  and  more  extensive  (Figs.  21,  22,  25,  30, 
31,  34,  36-38). 
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Besides  moving  apart,  the  centrosomes  migrate  toward  the 
centre  of  the  egg,  the  male  pronucleus  accompanying  them, 
sometimes  on  one  side  and  sometimes  on  another,  but  always 
near  at  hand.  Their  final  position  is  near  the  centre  of  the  egg, 
on  the  side  toward  the  polar  globules.  The  central  spindle, 
which  has  developed  between  them,  lies  at  right  angles  to  the 
egg-axis  (Figs.  30,  36-38).  After  the  centrosomes  have  sepa- 
rated a  certain  distance,  the  centrosphere  disappears  and  the 
rays  diverge  from  the  centrosomes  themselves.  A  lightly 
staining  band — the  incipient  central  spindle  of  the  first  cleavage- 
amphiaster  —  extends  from  one  centrosome  to  the  other  (Figs. 

36-39)- 

The  rays  of  the  sperm-asters  become  more  and  more  exten- 
sive at  the  expense  of  the  cytoreticulum  until,  at  the  time  of 
the  union  of  the  pronuclei,  thpy  often  extend  to  the  extreme 
periphery  and  incorporate  nearly  all  the  cytoplasm  of  the  Qgg. 
They  are  not  straight  but  curved,  those  from  either  centrosome 
taking  different  directions,  so  that  in  certain  portions  of  the 
Qgg  the  rays  cross  one  another  (Figs.  36-40). 

Since  the  central  spindle  and  two  centres  of  radiation  lie  on 
one  side  of  the  male  pronucleus  and  in  close  proximity  to  it,  a 
conical  space  on  the  opposite  side  of  the  pronucleus  is  left  free 
from  the  rays  (Figs.  38-40).  In  this  space  and  between  the 
rays  in  other  portions  of  the  Qgg,  especially  near  the  periphery, 
strands  of  cytoplasm  may  be  seen  running  in  various  directions 
(Figs.  39,  40).  The  rays  themselves  are  usually  branched  at 
the  outer  ends.  The  yolk-granules  do  not  approach  very  near 
to  the  centres  of  radiation,  apparently  because  the  rays  are  too 
numerous  or  because  the  asters  repel  them.  A  few  granules, 
however,  are  found  in  the  conical  space  opposite  the  amphiaster 
and  near  the  pronucleus  (Fig.  38). 

The  sperm-head,  or  male  pronucleus,  having  grown  to  its  full 
size,  finally  takes  a  slightly  eccentric  position  in  that  radius  of 
the  egg  which,  if  extended,  would  pass  through  the  polar  glob- 
ules, while  near  it  lie  the  male  centrosomes  and  the  huge 
amphiaster  just  described  (Figs.  34-40).^ 

1  In  the  late  stages  (Figs.  36-38)  there  are  variations  in  the  relative  position  of 
the  male  pronucleus  and  amphiaster  which  show  a  certain  degree  of  independence 
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While  these  phenomena,  directly  connected  with  the  develop- 
ment of  the  male  pronucleus  and  amphiaster,  have  been  going 
on,  the  first  maturation-amphiaster,  whose  activity  was  resumed 
upon  the  entrance  of  the  spermatozoon,  has  brought  about  an 
apparently  independent  series  of  changes  in  another  part  of  the 
^g'g  resulting  in  the  formation  of  the  polar  globules. 

Beginning  with  the  formation  of  the  polar  globules,  the  living 
egg  undergoes  a  constant  series  of  form  changes,  these  being 
most  pronounced  in  eggs  taken  from  worms  which  have  been 
but  a  short  time  (one  or  two  days)  in  the  aquarium.  While  the 
first  polar  globule  is  being  formed,  the  ^gg,  at  first  spherical, 
becomes  distinctly  flattened  at  the  animal  pole.  This  reminds 
one  of  the  flattening  of  the  adjacent  surfaces  of  the  cleavage- 
blastomeres  which  occurs  shortly  after  cell-division. 

The  ^%g  resumes  its  spherical  form,  but,  after  the  extrusion 
of  the  second  polar  globule,  becomes  pear-shaped,  the  smaller 
end  at  the  animal  pole.  It  again  assumes  for  a  short  time 
the  form  of  a  sphere.  A  protuberance  then  appears  upon  the 
vegetative  hemisphere.  The  successive  stages  in  the  devel- 
opment of  this  protuberance  — yolk-lobe  —  are  uniformly  syn- 
chronous with  the  various  phases  of  the  first  cleavage-mitosis.^ 
The  lobe  first  becomes  noticeable  during  the  early  metaphase 
of  the  spindle,  and  reaches  the  height  of  its  development  during 
the  telophase.  Meanwhile,  the  first  cleavage-furrow  cuts  the 
Q.gg  into  two  unequal  cells  and  the  lobe  remains  attached  to  the 
larger  one,  into  which  it  is  later  resorbed.  These  phenomena 
are  of  especial  interest  in  connection  with  certain  experiments 
which  I  have  made  upon  unfertilized  eggs. 

Soon  after  the  maturation-spindle  resumes  its  activity  the 
nine  chromosomes  divide  and  the  daughter-chromosomes  migrate 
toward  the  two  poles  of  the  spindle,  while  the  double  centro- 
somes  at  the  inner  end  of  the  spindle  move  apart  and  a  small 
central  spindle  is  formed  between  them  (Figs.  14-20).  The 
centrosphere  fades  away  and  the  rays  diverge  directly  from  the 
two  centres,  as  was  the  case  in  the  evolution  of  the  sperm- 

in  the  behavior  of  both;  but,  notwithstanding  these  variations,  the  axis  of  the 
amphiaster  is  in  every  case  at  right  angles  to  the  egg-axis. 

^  The  same  is  true  of  the  yolk-lobe  in  mollusks;  cf.  Crampton. 
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amphiaster  at  a  corresponding  stage.  The  centrosomes  at  the 
outer  end,  however,  do  not  move  further  apart,  but  are  carried 
into  the  first  polar  globule  with  the  nine  daughter-chromosomes, 
and  there  degenerate  (Figs.  19-21). 

During  the  early  phases  of  mitosis  the  amphiaster  presents 
several  interesting  features.  The  yellowish  brown  fibres  of  the 
central  spindle  may  be  seen  between  the  chromosomes  after 
they  have  divided.  Between  the  halves  of  each  chromosome 
is  a  distinct  white  band  with  no  such  fibres,  but  a  few 
minutely  beaded,  almost  black  lines  (Fig.  17).  The  spindle 
does  not  taper  to  a  point  at  either  end,  but  is  truncated,  and  at 
the  truncated  ends  a  ring  of  extremely  minute  dots,  like  the 
centrosomes  in  color  but  very  much  smaller,  are  brought  out  in 
many  of  the  clearest  preparations  (Figs.  14,  15).  These  dots 
are  probably  nine  in  number  and  appear  to  be  the  foci  of  pen- 
cils of  rays  extending  to  the  chromosomes.  The  latter  are 
clearly  seen  in  transverse  sections  of  the  spindle  at  a  little 
distance  from  the  equator. 

In  the  very  late  stages  of  mitosis  a  delicate  Zwischenkorper 
is  formed  at  the  junction  of  the  polar  globule  and  ^gg,  but  it 
soon  vanishes  and  has  nothing  to  do  with  the  formation  of  the 
second  maturation-spindle. 

The  daughter-chromosomes  at  the  inner  end  of  the  spindle, 
which  at  first  lie  in  a  circle,  later  take  on  an  elliptical  arrange- 
ment, while  the  adjacent  centrosomes  continue  to  move  apart 
and  eventually  lie  one  at  either  end  of  the  ellipse  (Figs.  22- 
24).  The  central  spindle,  which  was  formed  between  the  two 
centrosomes  at  a  very  early  stage,  has  now  reached  consider- 
able size,  and  we  have  the  incipient  amphiaster  of  the  second 
maturation-spindle. 

The  centrosomes  at  the  poles  of  this  aster  are  identical  with 
the  two  which  lie  close  together  at  the  inner  end  of  the  first 
maturation-spindle  (Figs.  14-17),  and  these  are  derived  by 
division  from  one  of  the  centrosomes  of  the  primary  asters 
(Figs.  8-13).  The  chromosomes  soon  are  drawn  into  the 
equator  of  the  spindle,  and  the  latter  gradually  swings  around 
to  a  position  vertical  or  nearly  so,  directly  under  the  first  polar 
globule  (Figs.  25-29).     Again,  a  centrosphere  develops  around 
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each  centrosome,  and  the  rays  of  the  aster — which  have  never 
been  absent  —  diverge  from  it,  rather  than  directly  from  the 
centrosome.  The  centrosome  at  the  inner  end  of  the  spindle 
often,  perhaps  always,  divides,  but  the  daughter-centrosomes 
are  not  so  large  as  the  corresponding  ones  in  the  first  spindle, 
and  always  remain  close  together  (Figs.  28,  29). 

The  chromosomes,  during  the  metaphase  of  the  second  matu- 
ration-amphiaster,  are  frequently  dumb-bell  shaped  (Figs.  26, 
27),  and  sometimes  in  four  parts,  as  shown  in  Fig.  28.  The 
succeeding  phases  are  similar  to  those  of  the  first  maturation- 
amphiaster  described  above.  The  peculiar  "  wake  "  left  in  the 
midst  of  the  fibres  of  the  central  spindle  by  the  receding  halves 
of  the  chromosomes  is  evident  during  the  anaphase,  and  by 
this  means  one  can  ascertain  which  of  the  daughter-chromo- 
somes were  together  (Fig.  29).  It  is  found  in  some  instances 
that  one  of  the  chromosomes  is  drawn  much  nearer  the  pole  of 
the  spindle  than  its  counterpart.^ 

The  second  polar  globule  is  formed  directly  under  the  first, 
which  is  thus  pushed  away  (Figs.  31-33),  and  it  contains  the 
centrosomes  and  the  nine  daughter-chromosomes  (Fig.  31). 

At  about  the  32-cell  stage,  both  polar  globules  are  ingested 
by  the  apical  cells. ^  The  Zivischcjikdrpcr,  which  is  developed 
during  this  mitosis,  persists  for  a  considerable  time,  as  may  be 
seen  by  comparing  Figs.  31,  32,  35,  37,  and  39. 

As  the  spindle  vanishes  the  chromosomes  which  were  at  the 
inner  end  elongate  and  bend  so  as  to  become  V-shaped  (Figs. 
31-33).  They  then  group  themselves  in  a  hollow  hemisphere 
whose  concave  side  is  directed  toward  the  centre  of  the  ^gg  so 
as  partially  to  obscure  the  centrosome  and  its  vaguely  defined 
centrosphere,  though  at  this  period  the  radiations  from  the  aster 
in  question  are  extensive  and  very  distinct,  many  of  them  cross- 
ing those  of  the  male  aster.  The  chromosomes  ultimately 
surround  the  centrosome  so  that  the  astral  rays  diverge  from 
their  very  midst  (Figs.  33-35). 

Gradually  the  chromosomes  become  vesiculated  and,  as  the 
nine  vesicles  begin  to  migrate  toward  the  male  pronucleus,  they 

1  In  this  figure  the  lithographer  has  slightly  displaced  the  outer  centrosomes 
and  the  chromosome  nearest  the  pole.  2  ^.  Mead,  '97b. 
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continue  to  grow  and  press  against  one  another,  still  including 
the  female  centrosome,  whose  position  is  indicated  by  the  point 
of  convergence  of  the  rays  (Figs.  35-38).  The  latter  gradually 
become  fewer  and  less  distinct  and  finally  vanish  altogether. 
I  believe  that  the  rays  of  the  female  aster,  which  were  so 
strongly  developed  in  the  earlier  stages  of  the  reconstitution  of 
the  pronucleus,  become  resolved  into  a  cytoplasmic  network, 
which  in  part  may  be  incorporated  into  the  system  of  rays 
belonging  to  the  male  amphiaster.  I  have  seen  during  this 
period  of  disintegration  a  number  of  extremely  minute  asters 
(secondary  or  tertiary  mechanical  centres)  between  the  periph- 
ery of  the  Q.g^  and  the  female  pronucleus. 

The  vesicles  completely  coalesce  to  form  a  female  pronucleus 
similar  in  size  and  general  appearance  to  the  male  pronucleus 
with  which  it  later  comes  into  close  apposition  (Fig.  39). 

These  phenomena  suggest  the  interpretation  that  the  chro- 
mosomes at  the  inner  pole  of  the  second  maturation-spindle  are 
not  only  drawn  toward  the  egg-centre,  but  that  the  latter  con- 
tinues for  some  time  to  be  the  centre  of  attraction  and  thus 
groups  the  chromosomic  vesicles  about  itself  and  holds  them 
together.  The  disappearance  of  the  female  aster  is  simultane- 
ous with  the  coalescence  of  the  vesicles.  After  their  fusion 
there  is  no  further  need  of  this  attractive  influence  and  the 
aster  disappears.  Apparently,  also,  the  male  centres  exert  an 
attractive  influence  upon  the  group  of  vesicles  as  a  whole, 
though  it  is  not  ordinarily  strong  enough  to  dissociate  the 
group  by  drawing  the  nearest  vesicles  to  the  centre  in  advance 
of  the  others.  In  one  case,  however,  this  phenomenon  seems 
actually  to  take  place  (Fig.  36). 

But,  whether  the  grouping  of  the  vesicles  is  a  function  of  the 
female  centrosome  or  not,  it  would  seem  utterly  preposterous 
to  presume  that  this  waning  structure  suddenly  emerges  from 
the  midst  of  the  fusing  vesicles,  divides,  and  unites  with  the 
male  centrosomes. 

Before  the  two  pronuclei  meet,  the  vesicles  of  the  female  are 
completely  united  and  resemble  the  male  pronucleus  in  all 
respects,  though  they  always  lie  on  the  side  toward  the  polar 
globules.    The  two  pronuclei  come  together  and  flatten  against 
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each  other  between  the  poles  of  the  male  amphiaster,  forming  a 
spherical  nucleus  —  the  first  cleavage-nucleus  (Figs.  39,  40).^ 

The  male  asters  reach  the  height  of  their  development  as  the 
pronuclei  come  together,  and  the  two  centres,  connected  by  a 
spindle,  are  already  widely  separated.  Each  centre  contains  a 
clearly  defined  and  easily  demonstrable  centrosome,  which  is 
soon  surrounded  by  an  incipient  centrosphere,  from  which  the 
protoplasmic  rays  extend  throughout  the  whole  Q.g%  (Figs.  39, 
40).  The  pronuclei  elongate,  while  the  poles  of  the  spindle  con- 
tinue to  move  further  apart,  and  later  the  nuclear  membrane 
gradually  disappears.  An  actual  fusion  of  the  pronuclei  does 
not  take  place  (Figs.  40,  41),  and,  even  after  the  membrane  has 
vanished,  the  chromosomes  derived  from  the  o.^^  and  from  the 
spermatozoon  respectively  are  often  seen  to  be  in  separate 
groups  (Fig.  43).  As  the  cleavage-nucleus  begins  to  elongate, 
the  rays  of  the  amphiaster  become  less  extensive,  breaking  up 
into  a  network  in  the  outer  portion  of  the  cytoplasm,  and  when 
the  nuclear  membrane  disappears,  centrospheres  become  more 
strongly  developed  around  the  centrosomes.  The  chromosomes 
arrange  themselves  in  an  equatorial  plate,  and  the  metaphase 
of  the  first  cleavage-amphiaster  is  established  (Figs.  43,  44). 

The  centrosomes  at  the  poles  of  the  spindle  by  this  time 
have  each  divided  in  anticipation  of  the  next  mitosis,  and  the 
centrospheres  have  increased  in  size.  Several  nucleoli  lie  scat- 
tered among  the  chromosomes  in  the  equatorial  plate  (Fig.  45). 
Like  the  chromosomes  they  stain  with  haematoxylin,  but  are 
easily  distinguished  by  their  irregular  shape  and  arrangement 
(Fig.  46). 

The  chromosomes  split  longitudinally  according  to  the  hetero- 
typical  method  (Figs.  44,  45),  and  the  daughter-chromosomes 
recede  toward  the  opposite  poles  (Fig.  46).  In  the  cross- 
section  of  the  spindle  I  have  often  counted  the  chromosomes, 
and  found  them  always  to  be  eighteen  in  number  (Fig.  47),  as 
would  be  expected,  since  there  were  nine  in  the  maturation- 
spindle  (Fig.  18).  When  the  daughter-chromosomes  have  sepa- 
rated to  some  distance,  the  nucleoli  are  seen  in  their  original 
position  midway  between  the  poles  of  the  spindle  (Figs.  46, 

1  The  signs  Z  and  9  in  Figs.  40,  41,  and  43  should  be  transposed. 


No.  2.]       CENTROSOMES  IN   THE  ANNELID   EGG.  205 

46^),  where  they  remain  during  the  succeeding  stages  of  mitosis 
(Figs.  48-52). 

The  centrospheres  reach  their  greatest  development  toward 
the  end  of  the  anaphase,  though  the  radiations  at  this  time  are 
not  so  extensive  {Figs.  463--48).  The  centrosomes,  which 
divided  very  early,  continually  move  apart  within  the  centro- 
sphere  without  in  the  least  altering  the  regular  contour  of  the 
latter.  In  the  early  stages  a  line  joining  the  two  centrosomes 
would  nearly  coincide  with  the  spindle-axis,  but  as  they  move 
apart  they  also  swing  around  through  an  angle  of  about  90° 
(Figs.  44-48).  The  distance  between  the  centrosomes  within 
the  centrosphere  is  in  definite  and  constant  relation  to  the 
successive  phases  of  mitosis,  and  one  can  predict  the  position 
of  the  chromosomes  from  the  examination  of  the  centrosomes, 
and  vice  versa.  The  centrosphere  is  smaller  in  the  end  of  the 
spindle  which  belongs  to  the  smaller  cell  (Figs.  46,  46^,  48). 
The  dark  brown  centrosomes  are  especially  distinct  during 
these  stages  in  contrast  to  the  light  yellow  centrosphere.  In 
some  preparations  a  minute  halo  surrounds  each  centrosome 
(Fig.  46),  and  in  the  later  stages  of  the  anaphase,  before  the 
centrosome  disappears,  a  band  of  fibres,  the  incipient  central 
spindle  of  the  next  mitosis,  is  demonstrable  between  them 
(Figs.  46^  47). 

When  the  rod-like  chromosomes  have  reached  a  position  near 
the  centrosphere  they  gradually  become  vesiculated.  Each 
chromosome  at  first  appears  as  a  double  row  of  granules,  sepa- 
rated by  a  longitudinal  cleft  (Fig.  48),  but  later  the  regular 
arrangement  of  the  granules  is  lost,  and  each  chromosome  con- 
tinues to  swell  up  and  forms  an  oval  vesicle  (Fig.  49)  resembling 
a  miniature  nucleus.  I  have  several  times  counted  the  vesicles, 
and  always  found  them  to  be  eighteen.  They  arrange  themselves 
in  the  form  of  a  disc,  and  for  some  time  the  fibres  of  the  cen- 
trosphere may  be  seen  between  them  (Fig.  49).  As  they  grow 
still  larger  they  coalesce,  not  into  a  single  mass,  but  into  several 
irregular  masses  which  themselves  fuse  to  form  a  spherical 
nucleus  (Figs.  50,  51). 

The  cytoplasmic  portion  of  the  ^gg  becomes  constricted 
during  the  later  phases  of  the  reconstitution  of  the  nuclei,  and 
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in  the  line  between  the  two  new  cells  there  appears  a  series  of 
black  granules,  the  foci  of  pencils  of  connecting  fibres  extend- 
ing in  both  directions  to  the  nuclei  (Fig.  51).  These  bodies 
later  become  aggregated  at  one  place  and  form  a  large  brown 
ZzviscJienkdrpcr  (staining  like  a  centrosome),  from  which  the 
rays  diverge.  In  side  view  the  ZwiscJienkorpcr  may  always  be 
seen  to  lie  below  a  line  connecting  the  centres  of  the  nuclei;  i.e., 
nearer  the  vegetative  pole.  At  this  stage  the  nucleolar  frag- 
ments of  the  original  cleavage-nucleus  lie  in  the  larger  of  the 
two  cells  (Figs.  51,  52).  Here  they  remain  for  a  while,  gradu- 
ally becoming  smaller  and  less  distinct,  and  vanish  entirely 
before  the  karyokinetic  figures  are  formed  in  the  two  blasto- 
meres. 

The  centrosomes,  which  divided  at  an  early  stage  and  sepa- 
rated as  the  karyokinesis  progressed,  continue  to  move  apart 
during  the  reconstitution  of  the  nuclei,  and  a  spindle  develops 
between  each  pair.  While  the  chromosomes  are  being  trans- 
formed into  vesicles  the  centrosphere  at  either  end  of  the 
spindle  disappears  (Fig.  49),  and  the  rays  which  now  diverge 
from  the  centrosomes  increase  rapidly  in  length  and  thickness, 
and  reach  their  maximum  development  in  a  late  stage  of  the 
reconstitution  of  the  nucleus,  as  is  represented  in  Figs.  5 1  and 
52.  They  extend  to  the  periphery  of  the  ^g^  and  are  easily 
distinguishable  between  the  closely  packed  yolk-granules  at  the 
lower  pole.  They  can  be  traced  even  through  the  substance  of 
the  yolk-lobe  which  develops  on  the  lower  hemisphere  when  the 
first  cleavage-spindle  is  in  an  early  stage  (metaphase)  and 
eventually  becomes  a  part  of  the  larger  of  the  two  blastomeres 
(see  Fig.  50).^  The  rays  diminish  in  extent  as  the  new  nucleus 
assumes  its  definitive  spherical  contour;  the  centrosomes,  mean- 
while, take  their  respective  positions,  nearly  180°  apart,  near 
the  surface  of  the  nucleus  (Fig.  53). 

The  reconstitution  of  the  nuclei  and  the  accompanying  phe- 
nomena proceed  simultaneously  in  the  two  blastomeres,  and 
each  is  now  in  a  stage  of  karyokinesis  exactly  comparable  to 
that  of  the  original  oosperm  after  the  union  of  the  pronuclei. 

1  In  a  previous  account  of  this  phenomenon  I  said  that  the  yolk-lobe  was  sepa- 
rated from  the  blastomere.   This  was  a  mistake,  which  I  corrected  in  a  later  paper. 
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One  cycle  of  karyokinesis  has  been  completed,  and  the  next 
cycle  which  is  concluded  with  the  formation  of  the  four  blasto- 
meres  is  essentially  similar.  Around  each  centrosome  there 
develops  a  centrosphere  (Fig.  53).  The  nuclear  membrane, 
beginning  at  the  portion  nearest  the  centrosome,  breaks  down 
(Fig.  54),  the  chromosomes  group  themselves  in  the  equatorial 
plate  (Figs.  55,  56),  and  the  typical  anaphase  is  established. 
During  the  succeeding  stages,  the  chromosomes  in  each  blasto- 
mere  divide  longitudinally  and  migrate  toward  the  poles  of  the 
spindle,  the  nucleoli  drop  out  into  the  cytoplasm,  and  the  cen- 
trosomes  divide  and  move  apart  within  the  growing  centrosphere 
(Figs.  57>  58). 

I  have  followed  the  karyokinetic  processes  to  the  formation 
of  sixteen  cells.  All  the  phenomena  are  essentially  similar  to 
those  in  the  preceding  cycles  of  division.  The  thirty-two  cen- 
trosomes  of  the  i6-cell  stage  arise  by  the  successive  divisions 
of  the  original  sperm-centrosome,  while  the  centrospheres,  on 
the  other  hand,  appear  and  vanish  in  each  mitosis, 

III.  Summary. 

During  the  growing-period  of  the  oocytes  a  deeply-staining 
paranucleus  is  developed  which  contains  a  reticulum  continuous 
with  that  of  the  surrounding  cytoplasm;  but,  before  the  oocyte 
has  attained  to  its  full  size,  this  structure  becomes  entirely 
resorbed  into  the  general  cytoreticulum. 

Ripe  eggs  may  be  carried  in  the  body-cavity  of  the  worm  for 
several  days  before  they  are  laid.  During  this  time  neither 
centrosome  nor  aster  can  be  distinguished,  though  the  reticu- 
lum is  unusually  distinct.  In  a  few  minutes  after  the  eggs  have 
been  deposited  in  sea-water,  however,  a  large  number  of  asters 
are  developed  by  rearrangement  of  the  cytoplasmic  network. 

Two  of  these  asters  (primary  asters)  continue  to  develop  and 
finally  lie  at  the  poles  of  the  first  maturation-spindle,  while  the 
others  gradually  vanish.  Distinct  centrosomes  are  not  demon- 
strable except  in  the  primary  asters.  If  they  are  present  in 
the  multiple  asters,  it  is  extremely  difficult  to  reconcile  their 
presence  with  the  theory  that  the  centrosome  is  a  permanent 
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cell-organ;  for  the  theory  would  require,  in  this  instance,  that 
no  less  than  seventy-five  centrosomes  should  arise  by  the 
division  of  the  two  centrosomes  of  the  cell  of  the  preceding 
generation,  and  that  these  centrosomes  should  be  distributed 
throughout  the  larger  portion  of  the  egg-cytoplasm.  If  they 
are  not  present  in  these  asters,  the  centrosomes  are  only  an 
occasional  and  not  a  constant  or  an  essential  feature  of  the 
aster. 

The  centrosomes  of  the  two  primary  asters  evidently  arise 
de  novo  out  of  the  cytoplasm,  and  are  typical  in  every  respect; 
they  lie  in  the  midst  of  the  astrospheres,  grow,  divide,  and 
persist  in  the  next  cell-generation. 

Normally  the  maturation  of  the  unfertilized  Qgg  proceeds  no 
further  than  the  metaphase  of  the  first  maturation-spindle,  but 
upon  the  entrance  of  the  spermatozoon  the  karyokinetic  activity 
is  immediately  resumed  and  the  maturation  is  completed.  I  do 
not  know  whether  the  spermatozoon  actually  brings  the  sperm- 
centrosomes  into  the  Qgg  or  not ;  at  any  rate,  they  are  demon- 
strable in  the  midst  of  a  minute  aster  which  lies  close  to  the 
sperm-head  soon  after  the  latter  enters.  From  this  time  the 
development  of  the  sperm-aster  into  the  cleavage-amphiaster, 
and  the  mitotic  divisions  resulting  in  the  formation  of  the  polar 
globules,  proceed  simultaneously  in  different  parts  of  the  Qgg, 
and  appear  to  be  independent  phenomena. 

The  primary  centrosomes  lie  at  the  poles  of  the  first  matu- 
ration-spindle, and  the  daughter-centrosomes,  arising  by  the 
division  of  one  of  these,  move  apart  and  form  the  poles  of 
the  second  maturation-spindle.  During  the  reconstitution  of 
the  egg-nucleus  and  its  approach  to  the  sperm-nucleus,  the  Qgg- 
centrosome  remains  in  the  midst  of  the  fusing  vesicles,  its  posi- 
tion being  indicated  by  the  point  of  convergence  of  the  rays  of 
its  waning  aster.  Not  only  the  fact  of  its  disappearance,  but 
the  fact  that,  when  last  seen,  the  centrosome  is  in  the  midst  of 
the  group  of  vesicles,  renders  it  in  the  highest  degree  improb- 
able that  the  egg-centrosome  takes  part  in  the  formation  of  the 
cleavage-amphiaster.  Moreover,  the  sperm-centrosomes  may 
always  be  seen  at  the  poles  of  the  incipient  cleavage-amphiaster, 
and  they  become  more  and  more  conspicuous  up  to  the  time  of 
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the  fusion  of  the  pronuclei.  During  the  metaphase  of  the 
cleavage-amphiaster  the  sperm-centrosomes  divide,  and  the 
daughter-centrosomes  at  either  pole  move  apart  (an  incipient 
central  spindle  developing  between  them)  and  form  the  poles  of 
the  cleavage-spindles  of  the  two  blastomeres.  This  process  is 
repeated  in  each  subsequent  mitosis,  and  the  centrosome  can 
be  demonstrated,  lying  in  the  midst  of  an  aster,  at  every  phase 
of  mitosis,  even  including  the  so-called  "resting  stage."  It 
follows,  therefore,  that  the  centrosomes  of  the  cleavage-cells  are 
derived  directly  from  the  sperm-centrosomes,  —  a  fact  irrecon- 
cilable with  Fol's  theory  of  the  "  quadrille." 

The  behavior  of  the  sperm-centrosomes  is  in  harmony  with 
Boveri's  theory  of  fertilization,  but  is  not  necessarily  a  confir- 
mation of  it;  for  the  karyokinetic  activities  which  are  revived 
upon  the  entrance  of  the  sperm  are  those  leading  to  the  forma- 
tion of  the  polar  globules.  The  machinery  for  these  mitotic 
divisions  is  already  organized,  and  it  is  quite  as  likely  that  the 
stimulus  which  starts  it  going  emanates  from  the  sperm-nucleus 
as  that  it  emanates  from  the  sperm-centrosomes. 

There  are  nine  chromosomes  in  each  maturation-amphiaster 
and  eighteen  in  the  cleavage-spindle.  In  the  metaphase  of  each 
cleavage-amphiaster  the  numerous  nucleoli  lie  scattered  among 
the  chromosomes  and  remain  at  the  equator  of  the  spindle  until 
they  completely  degenerate.  As  mitosis  progresses,  the  chro- 
mosomes split  longitudinally  and  the  halves  move  toward 
opposite  poles  of  the  spindle,  where  they  form  new  nuclei. 

During  the  telophase  of  each  mitosis  a  distinct  Zwische7i- 
kdrper  is  present,  which  gradually  fades  away  as  the  reconstituted 
nuclei  approach  the  "  resting  stage." 

It  is  a  pleasure  to  acknowledge  the  many  courtesies  extended 
to  me  by  Dr.  Whitman  and  other  officers  of  the  Marine 
Biological  Laboratory,  and  to  express  my  appreciation  of  the 
kind  assistance  of  my  friend  Dr.  W.  M.  Wheeler. 

Brown  University, 

September  26,  1897. 
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EXPLANATION    OF   PLATE   XVI. 

Unfertilized  ovarian  eggs.  Except  where  otherwise  stated,  the  figures  are 
drawn  from  single  sections. 

Fig.  I.  Transverse  section  of  ovarian  tubule,  showing  relative  size,  position, 
and  color  of  ova  in  different  stages  of  development,  a-k.  Paranucleus  in  c-g. 
Beginning  of  formation  of  asters  in  i  and/,  which  are  well  developed  in  k ;  ep.o., 
outer  epithelium  of  ovary  ;  ep.i.  inner  epithelium. 

Fig.  2.  Small  ovarian  eggs,  a  and  b  of  Fig.  i  ;  same  scale  of  magnification  as 
rest  of  figures. 

Fig.  3.     Compare  with  stagey  of  Fig.  i  ;  par.n.,  paranucleus;  «.,  nucleolus. 

Fig.  4.     Last  traces  of  the  paranucleus. 

Fig.  5.  Slightly  later  stage  than  Fig.  4.  Paranucleus  has  become  completely 
resolved  into  the  cytoreticulum ;  compare  h.  Fig.  i. 

Fig.  6.  The  cytoplasmic  network  beginning  to  form  small  asters.  On  the 
right  the  pellicle  is  torn  away  from  the  rest  of  the  reticulum.  Compare  i  and/. 
Fig.  I. 

Fig.  7.  Numerous  secondary  asters  at  the  height  of  their  development. 
Compare  k,  Fig.  i. 

Fig.  8.  The  two  predominant  primary  asters  with  centrosomes.  Beginning 
of  the  inpushing  of  nuclear  membrane.  Several  small  secondary  asters  still 
visible. 

Fig.  9.  Egg  with  only  the  two  primary  asters  ;  each  with  a  clear  centrosome, 
(dark  brown).  Distinct  inpushing  of  nuclear  membrane.  Eggs  at  this  stage  are 
no  longer  attached  to  the  ovary. 

Fig.  10.  First  maturation-spindle  lying  on  the  surface  of  the  nucleus  ;  nuclear 
membrane  dissolved.  Chromosomes  and  nucleolus  outside  the  spindle  ;  centro- 
somes in  each  aster  doubled  and  smaller  than  in  Fig.  9. 

Fig.  II.  Side  view,  similar  to  Fig.  10.  Remains  of  germinal  vesicle  in 
middle  of  egg.  The  chromosomes,  which  appear  in  the  drawing  to  be  in  the 
midst  of  the  spindle,  are  seen  by  focusing  to  lie  above  the  central  spindle.  In 
the  right-hand  aster  only  one  centrosome  is  visible  ;  the  other  is  probably 
directly  below  it. 

Fig.  12.  Later;  the  spindle  has  swung  around  to  a  vertical  position;  «., 
nucleolus;  ch.,  chromosomes.  Both  centrosomes  are  visible  in  the  inner  aster, 
one  King  almost  underneath  the  other,  and  therefore  farther  apart  than  they 
appear  in  the  figure.     The  last  remnants  of  the  nucleus  nuc. 

Fig.  13.  Chromosomes  of  more  definite  shape  and  more  evenly  distributed 
around  the  equator  of  the  spindle.  Spindle  more  elongated  and  nearer  the 
periphery  of  the  egg.     Remains  of  nucleolus  on  the  left. 
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EXPLANATION    OF   PLATE   XVII. 

With  the  possible  exception  of  Figs.  14  to  16,  all  are  fertilized. 

Fig.  14.  First  maturation-spindle  after  the  disappearance  of  nucleoli.  Double 
centrosome  In  each  end.  Circle  of  dots  around  end  of  spindle.  (Two  sections 
combined.) 

Fig.  15.  Similar  to  Fig.  14;  centrosomes  of  inner  aster  further  apart;  circle 
of  dots  more  deeply  stained. 

Fig.  16.  Circle  of  dots  not  brought  out,  though  the  centrosomes  are  clear. 
There  are  probably  two  centrosomes  at  the  outer  end  of  the  spindle,  though  only 
one  shows  in  this  section. 

Fig.  17.  About  ten  minutes  after  fertilization.  Daughter-chromosomes 
moving  toward  the  pole  of  the  spindle.  The  two  centrosomes  at  the  inner  end 
of  the  spindle  moving  apart,  showing  a  faint  whitish  band  (not  clear  in  the  litho- 
graph) between  them. 

Fig.  18.  Transverse  section  through  the  equatorial  plate,  showing  the  nine 
chromosomes. 

Fig.  19.  First  maturation-spindle  in  anaphase.  Polar  globule  beginning  to 
protrude.     Young  sperm-nucleus,  9  ^ith  its  single  (?)  centrosome. 

Fig.  20.  The  first  polar  globiile.  One  of  the  outer  centrosomes  of  the  first 
maturation-spindle  degenerating,  but  still  visible.  The  two  inner  centrosomes 
widely  separated,  with  an  incipient  spindle  between  them.  A  mere  suggestion  of 
a  Z-duischetik'drper  in  the  large  spindle,  z.  The  sperm-nucleus  as  in  Fig.  19.  This 
figure  shows  the  distinction  in  color  between  the  blue-black  chromosomes  and 
the  brown-black  centrosomes  which  is  always  present  in  the  preparations  them- 
selves.    Sperm-nucleus  from  adjacent  section. 

Fig.  21.  Oblique  view;  first  polar  globule,  Zwischenkorper,  male  pronucleus 
with  aster  and  two  centrosomes.  Remains  of  centrosome  in  the  polar  globule. 
Combined  from  several  sections.  The  full  number  (9)  of  chromosomes  in  the 
egg- 

Fig.  22.  Oblique  section;  after  the  evanescence  of  the  first  maturation- 
spindle.  Some  of  the  chromosomes  at  inner  end  of  the  first  spindle  ;  compare 
Fig.  20.  The  two  centrosomes  more  widely  separated,  between  them  the  incipient 
central  spindle  ;  p.g.,  polar  globule  in  tangential  section.  Two  sperm-centro- 
somes. 

Fig.  23.  Incipient  second  maturation-spindle  ;  slightly  later  than  Fig.  22,  not 
all  the  chromosomes  in  this  section. 

Fig.  24.  Two  adjacent  sections«  and  b  ; p-g-,  first  polar  globule  with  chromo- 
somes fusing  together  ;  second  maturation-spindle  far  advanced. 

Fig.  25.  Second  maturation-spindle  beginning  to  swing  around  into  vertical 
position.     Sperm-nucleus  with  aster  and  two  centrosomes. 

Fig.  26.  The  second  maturation-spindle  in  its  final  position.  Aster  of  sperm- 
nucleus  with  extensive  rays. 

Fig.  27.     Second  maturation-spindle  a  little  later. 

Fig.  28.  Same,  with  quadruple  chromosomes.  Circle  of  dots  around  end  of 
spindle;  compare  Figs.  3,  14,  and  15. 
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Fig.  29.  Second  maturation-spindle;  compare  Fig.  17.  One  chromosome 
near  outer  pole  of  the  spindle.  All  the  daughter-chromosomes  can  be  seen  in 
this  section  by  focusing. 

Fig.  30.  A  little  later  stage,  paired  sperm-centrosomes ;  whitish  band  between 
the  two  centrosomes.     Centrosomes  of  maturation-spindle  indistinct. 

Fig.  31.  Telophase  of  second  maturation-spindle.  Degenerating  centro- 
somes in  the  second  polar  globule,  p.gr  ;  Zwischenkorper,  s. ;  sperm-nucleus,  ^ , 
with  two  centrosomes  which  are  not  so  widely  separated  as  in  Fig.  30,  though  here 
the  maturation  processes  are  farther  advanced  (all  one  section  3^). 

Fig.  32.  About  the  same  stage ;  shows  the  more  usual  conditions  in  that  the 
second  polar  globule,  p.gP-  pushes  the  first  away  from  egg.  Egg  membrane,  m, ; 
z.  Zwischenkorper  or  middle-plate. 

Fig.  33.  Later  than  Fig.  32.  The  chromosomes  at  inner  end  of  second 
maturation-spindle  in  the  form  of  loops  and  partly  surrounding  the  centrosome 
and  aster.  It  is  possible  that  there  are  two  centrosomes.  The  location  of  the 
centre  of  the  aster  is  indicated  by  the  point  of  convergence  of  the  rays,  which  at 
this  time  are  very  prominent. 
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EXPLANATION   OF   PLATE   XVIII. 

Fig.  34.  Two  sections  combined  as  indicated  by  the  arcs  of  circles.  First 
polar  globule  lost,  second  polar  globule  bent  over.  Male  pronucleus  and  aster 
with  two  centrosomes  in  the  centre  of  the  egg. 

Fig.  35.  Two  polar  globules,  p.g.^  and  p.g."^ ;  Zwischenkbrper,  z.  Cluster  of 
vesicles,  9>  formed  from  chromosomes  left  in  the  egg  after  the  second  matura- 
tion-division. In  the  midst  of  the  vesicles  lies  the  centrosome  towards  which  the 
rays  converge.  In  the  midst  of  the  egg  the  male  pronucleus  and  aster  with  one 
of  the  two  centrosomes  in  sight  (the  other  in  the  next  section).  The  rays  of 
both  sperm  and  egg-asters  break  up  near  the  periphery  into  the  network. 

Fig.  36.  The  two  male  asters  with  centrosomes  and  long  rays  are  in  defini- 
tive position;  sperm-nucleus,  J,  in  rather  unusual  position,  />.,  between  asters 
and  female  pronucleus,  the  vesicles  of  which  are  larger  than  in  preceding  figure. 
Anomalous  case  of  one  vesicle  reaching  the  male  pronucleus  before  the  others. 
Aster  with  rays  (two  sections  combined). 

Fig.  37.  Two  polar  globules,  i  and  2;  Zivisckenkorper,  2.  Vesicles  of  female 
pronucleus  very  large  and  close  together.  Male  pronucleus  in  rather  unusual 
position  at  side  of  asters.  Spindle  between  the  latter.  Rays  of  asters  extend  to 
the  periphery  and  converge  to  the  centrosomes  themselves,  as  in  preceding  figure  ; 
no  centrosphere. 

Fig.  38.  Later  than  Fig.  37.  Vesicles  of  female  pronucleus  uniting,  a  few 
faint  rays  converging  to  their  midst.  Male  pronucleus  and  asters  in  usual 
position.     (Two  sections  combined.) 

Fig.  39.  Two  polar  globules,  i  and  2;  Zwischenkorper,  z.  Male  and  female 
pronuclei  about  to  unite.  Two  male  centrosomes  and  asters.  Female  aster  has 
entirely  disappeared. 

Fig.  40.  Male  and  female  pronuclei  have  united.  The  male  asters  on  either 
side.  Centrosomes  are  clear  and  centrospheres  are  beginning  to  form  about 
them.  The  rays  diverging  from  the  latter  are  commencing  to  break  up  into  a 
reticulum  near  the  periphery.  Round  nucleoli  in  the  pronuclei.  Signs  Z  and  9 
transposed. 

Fig.  41.  First  cleavage-nucleus  elongated ;  its  membrane  commencing  to 
break  down  at  the  ends.  The  two  sperm-asters  with  centrosomes  and  centro- 
spheres ;  rays  comparatively  short.     Signs  ^  and  9  transposed. 

Fig.  42.  Somewhat  later  stage.  Mere  traces  of  nuclear  membrane  now  visi- 
ble. Chromatin,  nucleolus,  «.,  in  middle,  centrosomes  and  centrosphere  larger 
than  in  preceding  figure. 

Fig.  43.  Cleavage-spindle  in  metaphase.  Chromatin  in  two  clusters,  and 
nucleoli  scattered  among  the  chromatin  loops.  Centrosome  in  right  aster  elon- 
gated in  preparation  for  a  division.     Signs  ^  and  9  transposed. 

Fig.  44.  Later  stage.  Centrospheres  more  highly  developed  ;  centrosomes 
dividing  in  anticipation  of  next  cleavage. 

Fig.  45.  Daughter-chromosomes  divided  and  beginning  to  migrate  toward 
the  two  poles  of  the  spindle,  leaving  nucleoli  in  the  middle.  Daughter-chromo- 
somes moving  apart. 
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EXPLANATION    OF   PLATE   XIX. 

Fig.  46.  First  cleavage-spindle  in  the  metaphase.  Chromosomes  moving 
towards  the  poles,  with  nucleoli  left  in  the  middle  between  them.  Centrospheres 
at  the  height  of  their  development. 

Fig.  46a.  Late  anaphase.  The  centrosphere  at  left  shows  the  destructive 
action  of  corrosive-acetic  acid. 

Fig.  47.  Two  adjacent  sections  combined.  One  shows  the  centrosphere  and 
two  brown-black  centrosomes  with  central  spindle  between  them ;  the  other,  the 
eighteen  chromosomes,  black,  belonging  to  the  larger  aster.  The  smaller  aster 
showed  the  same  features. 

Fig.  48.  First  cleavage-spindle  in  the  beginning  of  telophase  ;  chromosomes 
commencing  to  swell  up  into  vesicles.  Nucleoli,  «.,  centrospheres,  and  centro- 
somes as  in  the  two  previous  figures. 

Fig.  49.  Spindle  in  the  telophase  ;  chromosomes  vesiculated  ;  fibres  in  the 
middle  of  spindle  very  distinctly  varicose  and  bent ;  nucleoli  in  the  midst  of 
spindle.  Centrospheres  completely  resolved  so  that  the  rays  diverge  from  the 
centrosomes  directly  and  are  again  very  extensive,  many  of  them  reaching  the 
periphery  of  the  egg.     Yolk-lobe,  y.l. 

Fig.  50.  Transverse  section  through  the  larger  cell  a  little  later  than  the  pre- 
ceding figure.  Yolk-lobe,  J./.  Two  adjacent  sections  combined  as  in  Fig.  47. 
The  two  centrosomes  with  central  spindle  between  them.  Eighteen  chromatic 
vesicles. 

Fig.  51.  Reconstitution  of  the  nuclei.  Only  one  of  the  two  centrosomes  in 
either  cell  is  visible  in  this  section.  Middle-plate,  2.,  in  many  pieces  from  each  of 
which  diverging  fibres  extend  to  the  nuclei.  Nucleoli  or  first  cleavage-nucleus 
remaining  in  larger  cell,  «. 

Fig.  52.  Three  consecutive  sections,  i,  2,  3,  combined:  z.,  Zwischenkorper; 
n.,  nucleoli  of  first  cleavage-nucleus ;  «.S  nucleoli  in  new  nucleus.  Both  centro- 
somes visible  in  either  cell. 

Fig.  53.  Smaller  of  the  two  cells  with  resting  nucleus.  Two  asters  on  oppo- 
site sides  of  nucleus ;  centrosomes,  centrospheres,  and  comparatively  short  rays. 

Fig.  54.  Transverse  section  of  one  of  the  two  cells.  Nuclear  membrane 
breaking  down.  Cytoplasmic  network;  nuclear  network;  chromosomes,  ch.\ 
nucleolus,  n.\  two  centrosomes  and  central  spindle. 

Fig.  55.  Transverse  section  of  one  of  the  two  cells.  Prophase  of  the 
second  cleavage-spindle  ;  chromosomes,  ch. ;  nucleolus  n. 

Fig.  56.  Beginning  of  the  metaphase,  2-cell  stage.  Chromosomes  in  both 
centrospheres  dividing. 

Fig.  57.  Transverse  section  of  the  smaller  of  the  two  cells.  Chromosomes 
undergoing  heterotype  splitting  ;  centrosomes  distinctly  separate. 

Fig.  58.  Transverse  section  of  the  larger  cell  of  the  same  egg  as  Fig.  57. 
Spindles  slightly  further  advanced.  Centrosomes  at  a  considerable  distance 
apart  in  both  asters. 
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THE  RATE  OF  CELL-DIVISION  AND  THE  FUNCTION 
OF  THE  CENTROSOME. 

By  a.  D.  mead. 

Biological  Lectures  of  the  Marine  Biological  Laboratory  for  1S96-97. 


NINTH    LECTURE. 


THE    RATE    OF    CELL-DIVISION    AND    THE 
FUNCTION    OF   THE    CENTROSOME. 

A.  D.  MEAD. 
Brown  University,  Providence,  R.  I. 

There  are  few  phenomena  that  bring  us  so  close  to  the 
fundamental  problems  of  organic  development  as  do  those 
which  relate  to  the  origin  of  the  egg  and  the  spermatozoon,  to 
the  union  of  these  cells  in  fertilization,  and  to  the  early  divi- 
sions of  the  fertilized  egg-cell.  The  egg  and  the  spermatozoon 
represent  the  manifold  qualities  of  two  separate  individuals, 
and  by  their  union  a  new  individuality  is  established.  In  the 
form  and  arrangement  of  the  cells  into  which  this  oosperm 
divides,  we  can  recognize  the  rudiments  of  the  adult  body  often 
before  the  cells  become  too  numerous  to  be  counted ;  indeed, 
in  many  animals  the  early  cleavage-cells  constitute  a  free 
swimming  larva  of  specific  form  and  possessed  of  definite 
functional  cellular  organs,  before  the  constituent  cells  are 
seventy  in  number,  and  within  four  or  five  hours  after  the  egg 
is  fertilized. 

When  the  organism  is  composed  of  so  few  cells,  it  is  obvious 
that  the  specific  form  of  the  body,  —  the  size  and  relations  of 
its  organs,  —  is  directly  dependent  upon  the  size  of  every  com- 
ponent cell  in  comparison  with  the  others,  upon  the  position 
which  the  several  cells  occupy  in  the  whole  aggregation,  and 
upon  the  number  of  cells  which  perform  the  same  function  and 
constitute  a  particular  organ.  The  cells  which  compose  the 
body  at  a  later  period  of  development  are  but  the  lineal 
descendants  of  those  which   compose  the  early  larva,  and  the 
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conclusion  follows  that  the  form  of  the  body  at  any  period  of 
development  is  a  resultant  of  {a)  the  relative  si::e  of  the  cells 
which  constitute  the  several  parts,  {b)  the  direction  of  the  cleav- 
age to  which  the  cells  owe  their  position,  and  (c)  the  rate  of 
cleavage  of  the  various  blastomeres,  i.e.,  the  intervals  of  time 
between  successive  divisions,  by  which  the  number  of  cells  in 
any  part  is  determined.  If  we  could  discover  the  factors 
which  determine  respectively  these  three  component  features 
of  development,  we  should  have  material  for  an  explanation  of 
the  origin  of  the  specific  form  of  the  animal  body,  embryonic 
or  adult. 

The  problems  relating  to  the  rate  of  cleavage  and  the  size 
of  the  resulting  cells  have  received  much  attention  from  vari- 
ous investigators,  and  we  will  limit  ourselves  for  the  present  to 
a  consideration  of  the  third  factor  —  the  rate  of  cleavage.  The 
effect  of  the  rate  of  cell-division  in  determining  the  form  of  the 
embryo  is  well  shown  in  the  early  stages,  especially  in  those 
forms  in  which  the  cleavage  is  "  constant  and  determinate." 
When  the  blastomeres  in  one  part  divide  faster  than  those  in 
another,  important  changes  take  place  in  the  form  of  the  em- 
bryo. The  "  teloblasts  "  in  Clepsine,  Rhynchelmis,  and  Lum- 
bricus,  for  example,  early  give  rise  by  their  rapid  divisions  to 
the  germ-bands  of  the  nerve-cords,  nephridia,  muscles,  and 
other  portions  of  the  ventral  plate  of  the  trunk,  while  the 
divisions  of  the  cells  near  the  apical  pole  are  less  rapid,  and 
this  region  changes  more  slowly.  If  the  form  of  the  embryo  is 
affected  by  the  differences  in  the  rate  of  cell-division  in 
certain  regions,  our  problem  is  to  find  out  the  factors  which 
account  for  these  differences.  In  seeking  them,  let  us  first 
examine  the  cell-division  in  the  early  stages  of  the  embryo,  and 
afterwards  those  which  occur  later  in  the  life-cycle. 

The  "cleavage  stages"  in  certain  annelids  and  mollusks  are 
especially  favorable  for  our  purpose,  because  the  behavior  of  par- 
ticular cells  can  be  followed  with  precision,  the  cells  being  few 
and  their  manner  of  division  constant.  In  the  annelid  Amphi- 
trite,  up  to  about  the  64-cell  stage,  the  differences  in  the  rate 
of  division  among  the  various  blastomeres  are  comparatively 
slight,  so  that  all  sixty-four  cells  belong  to  the  same  generation 
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(Fig.  I).  In  the  subsequent  cleavages,  however,  the  differences 
are  very  pronounced,  and  the  cells  may  be  classed  in  four  cate- 
gories, according  to  their  peculiarities  with  reference  to  the  rate 
of  division:  (i)  cells  which  divide  much  more  rapidly  than  any 
of  the  others,  e.g.,  those  marked  x  and  ;//  in  the  diagram,  which 
form  respectively  the  ectoderm  and  the  mesoderm  of  the  trunk  ; 
(2)  cells  which  divide  more  slowly  but  continuously,  e.g.,  ec, 
which  form  part  of  the  general  ectoderm  of  the  head;  (3)  cells 
which  cease  dividing  for  a  con- 
siderable period,  but  later  re- 
sume their  karyokinetic  activity 
and  undergo  rapid  segmentation, 
e.g.,  the  entoderm  cells,  stippled 
in  the  diagram ;  (4)  cells  which 
never  divide  nor  show  any  signs 
of  karyokinetic  activity,  e.g., 
those  marked  /,  and  these  soon 
develop  motile  cilia  and  consti- 
tute the  primary  prototroch, — 
a  larval  organ  of  locomotion. 
In  the  latter  category  may  be 
placed  also  the  cells  marked  /', 
for  three  of  the  four  cells  de- 
rived from  the  division  of  each  of  these  also  cease  dividing,  be- 
come ciliated,  and  contribute  to  the  formation  of  the  prototroch. 

What  are  the  influences  which  compel  the  prototroch  cells 
(/)  to  cease  dividing,  while  the  adjacent  cells  (x)  divide  with 
extraordinary  rapidity  }  Why  do  the  cells  of  the  general 
ectoderm  (cc)  divide  at  an  ordinary  rate,  while  karyokinesis  in 
the  neighboring  entoderm  cells  is  temporarily  suspended  .■' 

Many  more  or  less  plausible  suggestions  as  to  the  nature  of 
the  extrinsic  conditions  which  determine  the  behavior  of  cleav- 
age cells  have  been  advanced  by  students  of  developmental 
mechanics,  the  gist  of  which  is  tersely  expressed  by  Driesch: 
The  prospective  significaiice  of  a  blastomere  is  a  fnnctioji  of  its 
position,  the  effects  of  mutual  pressure,  of  surface  tension,  of 
gravity,  etc.,  varying  according  to  the  position  of  the  blastomeres 
in  the  egg,  and  according  to  the  position  of  the  ^g'g  itself. 


Fig.  I. — -Side  view  of  the  egg  of  Ampliitrite 
at  about  the  64-cell  stage.  The  heavy  lines 
indicate  areas  of  differentiation;  /,  primary 
prototroch-cells ;  /',  secondary  prototroch- 
cells ;  X,  somatic  plate ;  ^c.  general  ectoderm ; 
;«,  mesoderm  ;  stippled  cells,  entoderm. 
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That  the  environment  of  a  cell  due  to  its  position  in  the  egg 
docs  not  account  for  its  rate  of  cleavage  in  the  egg  of  Am  phi- 
trite  would  appear  from  the  following :  (i)  adjacent  cells  may 
have  entirely  different  rates  of  cleavage,  the  one  dividing  not 
at  all,  the  other  dividing  rapidly;  {2)  cells  which  occupy  exactly 
corresponding  positions  in  different  quadrants  of  the  Q.^g  ex- 
hibit great  diversity  in  the  rate  of  cleavage  ;  (3)  the  power  of 
dividing  is  suddenly  lost  in  the  cells  which  form  the  prototroch 
—  there  is  not  a  gradual  waning  of  karyokinetic  activity  in  the 
successive  generations  preceding  these  particular  blastomeres ; 

(4)  the  rate  of  division  in  the  various 
cells  is  the  same  in  whatever  position 
the  Q^gg  may  lie. 

Moreover,  in  related  eggs  of  the 
same  cleavage  type,  certain  blasto- 
meres have  a  very  different  environ- 
ment by  virtue  of  the  difference  in 
the  absolute  and  in  the  relative  size 
of  their  neighbors,  but  the  rate  of 
cleavage  does  not  vary  accordingly. 
Fig.  2. —  Egg  of  Scoiecoiepis  from    Thus,  the  cclls  which  form  the  proto- 

above.     The  four  cells  at  the  animal  i      •         a  i    •       •  r^t 

pole  undivided;  the  yolk-laden  cells   troch  in  Amphitritc,  Llymenella,  and 
at  vegetative  pole  undergoing  divi-    Arcuicola,  rcspcctively,  are  different 

sion.  ^  -^ 

in  their  absolute  and  in  their  relative 
size ;  yet  the  cessation  of  division  occurs  at  exactly  the  same 
period  of  cell  development  in  all  three  annelids. 

Balfour's  generalization  that  the  divisions  occur  more  fre- 
quently or  less  frequently  according  as  the  cells  contain  little 
or  much  yolk  in  proportion  to  the  protoplasm  has  been  shown 
by  many  observers  to  be  of  only  limited  application.  One  of 
the  annelids  well  illustrates  the  inadequacy  of  this  "law."  In 
the  8-cell  stage  of  Scoiecoiepis  the  four  lower  blastomeres  con- 
tain all  the  yolk  of  the  egg  and  are  many  times  larger  than  the 
four  upper  blastomeres,  which  are  free  from  yolk;  and  yet  the 
four  yolk-laden  cells  divide  sooner  than  those  which  contain 
only  pure  protoplasm  (Fig.  2). 

The  same  differences  in  the  rate  of  division  that  exist  in 
the  early  cleavage  of  the  ovum  obtain  in  the  later  stages  of  the 
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life-cycle.  The  cells  constituting  the  Malpighian  layer  of  the 
epidermis  in  vertebrates  and  the  apical  "budding  zone"  in 
certain  annelids  continue  to  divide  throughout  life.  Other 
cells,  in  which  for  a  long  time  karyokinetic  activity  is  sus- 
pended, may  upon  occasion  undergo  rapid  division;  e.g.,  the 
cells  which  give  rise  to  the  temporary  ovaries  in  some  of  the 

Primordial 
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/\ 

Odgonii -•  • 

Oogonin     •  •  •  # 

A  l\  l\  l\ 

Oogonia ■•      •      •     9      9      •      •      w----- 


Groivth-Period 


Division  -Period 


Primary  Oocyte 
Secondary  Oocyte 

Ess 


Maturation-Period 


Fig.  3.  —  Diagram  showing  the  development  of  the  mature  egg  from  the  primordial 
germ-cell  (after  Boveri). 

lower  invertebrates  and  the  cells  which  commence  the  regener- 
ation of  lost  tissues.  Many  cells  also,  e.g.,  the  neuroblasts, 
cease  dividing  permanently. 

I  wish,  however,  particularly  to  call  attention  to  the  pecul- 
iarities in  the  rate  of  cell-division  exhibited  towards  the  close 
of  the  life-cycle  by  the  cells  which  give  rise  to  the  mature 
ovum.  After  a  long  series  of  consecutive  divisions  of  the 
oogonia  (Fig.  3),  a  generation  of  cells  arises  in  which 
karyokinesis  is,  for  a  time,  suspended.  These  cells  are  the 
?^«maturated  eggs  —  the  ^^ prinimy  oocytes ^  The  oocyte,  after 
enjoying  a  period  of  rest  and  growth  (which  may  sometimes  be 
measured  in  months  or  even  in  years),  sooner  or  later  divides 
into  a  small  cell — the  first  polar  globule,  and  a  large  cell  —  the 
secondary  oocyte.     The  latter  also  divides  to  form  a  small  cell  — 
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second  polar  globule,  and  a  large  cell  —  the  mature  ^%,%.  With 
this  division  the  life-cycle  is  completed,  the  mature  egg  repre- 
senting the  last  generation  of  cells. 

Beginning  with  the  formation  of  the  primary  oocyte,  the  phe- 
nomena of  cell-division  recall  those  in  the  cleavage  stages  of 
Amphitrite.  In  the  oocyte,  as  in  the  cleavage-blastomeres,  we 
meet  with  cells  which  cease  to  divide  temporarily  and  with 
others  of  a  definite  generation  which,  left  to  themselves,  never 
divide.  The  peculiarities  in  the  rate  of  division  of  the  oocytes 
are  rendered  more  significant  by  the  fact  that  in  almost  all 
known  cases,  in  both  animals  and  plants,  the  same  phenomena 
obtain,  viz.,  that  not  more  than  two  successive  divisions  of  the 
primary  oocyte  take  place  (unless  fertilization  occurs  to  initiate 
a  new  cycle  of  division)  before  there  is  a  permanent  cessation 
of  mitosis. 

It  is  now  pertinent  to  ask,  WJiat  ai'e  the  factors  ivJiicJi  deter- 
mine the  rate  or  time  of  division  of  the  oocytes,  and  zvJiy  does 
the  maturated  egg  cease  dividing  until  fertilization  takes  place  ? 
That  the  behavior  of  the  oocytes  is  not  a  "  function  of  their 
position "  is  evident  from  the  enormous  differences  in  the 
physical  surroundings  of  various  eggs  at  this  period.  Is  there 
any  known  structure  zuithin  the  cell  by  whose  activity  the  divi- 
sion may  be  incited  and  in  whose  absence  the  cell  cannot 
divide  .-•  Boveri's  theory  of  the  centrosonie,  which  has  been 
endorsed  by  a  large  number  of  eminent  workers,  gives  an 
affirmative  answer  to  this  question.  According  to  this  theory, 
the  centrosome  is  necessarily  present  in  mitosis;  the  attraction 
sphere,  astral  rays,  and  spindle  fibers  of  the  mitotic  figure  arise 
under  its  influence.  The  centrosome  is,  in  fact,,  the  special 
organ  of  cell-division,  —  "  the  active  centre  of  cell-division  in 
the  cell-body." 

It  is  interesting  that  a  large  part  of  the  evidence  in  support 
of  this  theory  has  been  drawn  from  the  behavior  of  the  centro- 
some in  the  maturated  ovum,  the  cell  now  under  discussion. 
According  to  Boveri,  this  cell  is  unable  to  divide  because  it  has 
lost  its  centrosome  through  degeneration.  It  may  resume 
karyokinetic  activity  only  when  a  new  centrosome  is  brought 
in  by  the  entering  sperm.      "  The  ripe  egg  possesses  all  of  the 
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organs  and  qualities  necessary  for  division  excepting  the  cen- 
trosome,  by  which  division  is  initiated.  The  spermatozoon,  on 
the  other  hand,  is  provided  with  a  centrosome,  but  lacks  the 
substance  in  which  this  organ  of  division  may  exert  its  activity. 
Through  the  union  of  the  two  cells  in  fertilization  all  the  essen- 
tial organs  necessary  for  division  are  brought  together  ;  the 
Q^g  now  contains  a  centrosome  which  by  its  own  division  leads 
the  way  in  the  embryonic  development."  "It  is  the  centrosome 
alone  that  causes  the  division  of  the  ^gg.''  ^ 

The  behavior  of  the  centrosome  in  fertilization,  as  recorded 
by  many  recent  observers,  may  be  interpreted  as  a  substantia- 
tion of  Boveri's  conclusions,  for  the  centrosomes  which  are 
demonstrable  in  the  Qgg  during  those  divisions  which  result  in 
the  formation  of  the  two  polar  globules  totally  disappear,  and 
the  centrosomes  which  participate  in  the  first  cleavage  mitosis 
arise  at  any  rate  near  the  sperm-nucleus,  and,  moreover,  in 
many  instances  are  actually  brought  into  the  ^gg  by  the  sper- 
matozoon (Boveri,  Wilson,  Matthews,  Hill,  Fick,  Henking, 
Kostanecki,  and  Wierzejski,  Rlickert,  and  others).  In  parthen- 
ogenetic  eggs,  where  no  spermatozoon  enters,  the  centrosomes 
ought,  according  to  Boveri's  theory,  to  remain  and  to  organize 
the  machinery  for  the  first  cleavage  mitosis.  Brauer  has  shown 
that  the  parthenogenetic  egg  of  Artemia  fulfills  the  requirements 
of  this  theory,  for  the  egg  centrosomes  actually  remain  and 
form  the  cleavage  amphiaster. 

These  observations  furnish  ground  for  the  belief  that  the 
egg-cells  cease  dividing,  because  they  lack  the  active  agent 
in  cell-division, — the  centrosome.  The  loss  of  this  organ 
has  been  regarded  as  a  "  provision  to  guard  against  partheno- 
genesis." Thus,  according  to  this  interpretation,  the  rate  of 
cell-division  in  the  cells  of  at  least  one  generation  is  conditioned 
upon  the  presence  of  the  centrosome. 

Since  the  essential  features  of  mitotic  division  are  the  same 
throughout  the  life-cycle,  it  would  seem  probable,  a  priori,  that 
the  factors  which  inhibit  or  incite  the  mitotic  activity  of  the 
egg-cells  would  also  determine  whether  the  cells  of  other 
generations   should    or   should    not   divide.       Or,   to   be   more 

1  Boveri,  Wilson  "  Cell." 
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explicit,  if  the  division  of  the  mature  egg-cell  is  inhibited 
because  its  centrosome  degenerates,  and  is  subsequently  re- 
sumed because  a  new  centrosome  is  introduced,  it  is  fair  to 
infer  that  the  division  of  a  blastomere,  a  tissue-cell,  or  an 
otkyte  is  also  conditioned  upon  the  presence  of  the  centro- 
some. For  example,  the  prototroch-cells  in  the  annelid  larva, 
or  the  neuroblasts  in  the  vertebrate  embryo,  cease  to  divide 
because  the  "centrosomes  by  which  division  is  initiated"  have 
degenerated.  Again,  the  cells  by  whose  rapid  division  lost 
tissues  are  regenerated  resume  their  mitotic  activity  upon  the 
acquisition  of  a  centrosome. 

With  this  explanation  in  mind,  let  us  return  to  a  more 
critical  examination  of  the  phenomena  of  mitosis  in  the  germ- 
cells  at  the  close  of  the  life-cycle;  viz.,  to  the  division  of  the 
primarv  and  the  secondary  oocytes  and  the  mature  Q.g2,. 

It  is  noticeable,  in  the  first  place,  that  among  different  species 
of  animals  the  mitosis  is  not  always  suspended  in  the  same  gen- 
eration of  cells.  Accordingly,  the  eggs  of  the  various  species 
may  be  arranged  in  five  classes :  first,  those  in  which  the  pri- 
mary oocyte  remains  with  germinal  vesicle  intact  until  the 
sperm  enters  (for  example,  Thalassema,  Nereis,  Fig.  4,  A)\ 
second,  those  which,  if  deposited  in  sea-water,  remain  with  the 
first  maturation  amphiaster  in  the  metaphase  (for  example,  the 
annelid  Chaetopterus,  Fig.  4,  B) ;  third,  those  in  which  the  sec- 
ondary oocyte  awaits  the  spermatozoon  (for  example,  the  frog, 
Axolotl,  lamprey.  Fig.  4,  C)\  fourth,  those  in  which  the  matu- 
rated &gg,  after  the  formation  of  both  polar  globules,  awaits 
the  sperm  (for  example,  the  sea-urchin,  Fig.  4,  D)\  and  fifth, 
those  (parthenogenetic  eggs)  which  begin  the  subsequent  cycle 
of  divisions  without  being  fertilized. 

Let  us  grant  for  the  moment  that  the  parthenogenetic  Oigg 
continues  to  divide  because  its  centrosomes  do  not  degenerate, 
and  that  the  fertilized  Q.gg  of  the  sea-urchin  divides  because 
the  entering  sperm  brings  in  the  centrosomes  which  organize 
the  machinery  of  mitotic  division.  It  is  difficult  to  apply  the 
same  principle  to  the  eggs  of  the  first,  second,  and  third  classes, 
i.e.,  to  those  which  do  not  complete  the  maturation  divisions 
until  the  spermatozoon  enters,  for  the  amphiasters  of  the  matu- 
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ration  divisions  do  not  involve  the  sperm-centrosomes,  but  are 
separate  and  independent  of  them.  The  first  maturation 
amphiaster  in  certain  eggs,  e.g.,  Thalassema,  Nereis,  and  Myzo- 
stoma,  is  formed  only  after  the  sperm  enters,  and  yet  its  cen- 
trosomes  are  not  brought  in  by  the  sperm  nor  do  they  arise 
near  it.  In  Chaetopterus,  on  the  other  hand,  a  complete 
amphiaster  with  centrosomes,  centrospheres,  astral  rays,  and 
spindle  fibers  is  developed  and  remains  for  hours  in  the  meta- 


FiG.  4.  —  Diagram  indicating  the  different  stages  of  maturation  attained  by  the  eggs  of 
various  animals  before  the  sperm  enters.  A ,  Nereis,  Thalassema  ;  B,  Chaetopterus 
and  some  other  marine  annelids  ;  C,  frog,  Axolotl,  lamprey  ;  Z>,  sea-urchin. 

phase,  if  the  egg  is  left  unfertilized  in  sea-water;  and  the  same 
appears  to  be  true  of  many  other  marine  annelids.  This  elab- 
orate machinery  of  mitotic  division  is  immediately  set  in 
motion  upon  the  entrance  of  the  spermatozoon,  though  the 
sperm  and  its  centrosomes  are  in  a  distant  portion  of  the  egg. 
All  the  phases  of  this  and  the  subsequent  mitosis  are  inde- 
pendent of  the  karyokinetic  changes  in  the  vicinity  of  the 
sperm. 

Since  in  one  form  the  oocyte  will  not  divide  until  the  sperm 
enters   the  cell,   even    though   the  ccntrosoines   and   the  whole 
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amphiaster  are  present,  the  suspicion  is  warranted  that  in  the 
ripe  Q%g  of  other  forms — the  sea-urchin,  for  example  —  the 
mitosis  is  not  inhibited  merely  on  account  of  the  lack  of  a  cen- 
trosomc,  nor  is  it  incited  merely  because  a  new  centrosome  is 
introduced  to  organize  the  mitotic  figure. 

Other  observations  on  fertilization  strengthen  this  supposi- 
tion. Wheeler  has  shown  in  Myzostoma  that  no  centrosomes 
or  asters  are  developed  in  connection  with  the  male  pronucleus, 
and  that  the  centrosomes,  which  are  left  in  the  &gg  after  the 
formation  of  the  polar  globules,  probably  form  the  poles  of  the 
cleavage-spindle.  According  to  Lillie,  the  sperm-centrosomes 
in  the  Q.g%  of  Unio  degenerate,  and  the  centrosomes  which 
participate  in  the  first  cleavage  mitosis  are  egg-derivatives. 
The  well-known  researches  of  Fol,  Guignard,  and  Conklin, 
even  if  they  are  not  complete  enough  to  prove  the  theory  of 
the  "quadrille,"  certainly  indicate  that  the  egg-centrosomes 
have  a  considerable  degree  of  persistence. 

Furthermore,  it  is  difficult  to  demonstrate  that  the  "  sperm- 
centrosomes  "  are  actually  brought  into  the  %gg  by  the  sper- 
matozoon, and  caution  must  be  exercised  in  referring  the 
origin  of  the  sperm-centrosomes  to  this  source. 

Just  how  the  entrance  of  the  sperm  revives  the  latent  activ- 
ity of  the  oocyte  is  not  yet  fully  understood,  but  the  phenome- 
non is  suggestive  in  that  it  shows  that  it  is  neither  the  mass  of 
the  cell,  nor  the  abundance  of  yolk,  nor  the  position  of  the  cell, 
nor  the  presence  of  the  centrosome  that  determines  the  time 
or  rate  of  cell-division,  but  that  a  stimulus  is  required  analogous, 
perhaps,  to  that  which  starts  into  activity  the  motor  apparatus 
of  pigment-cells,  leucocytes,  or  muscle-cells.  Following  out 
this  suggestion,  I  have  made  some  experiments  upon  the  un- 
fertilized ^%%  of  Chaetopterus.^ 

Watase  has  pointed  out  that  the  "mechanism  of  protoplasmic 
motion "  in  the  leucocyte,  pigment-cell,  and  muscle-cell  is 
similar  in  its  essential  features  to  that  in  a  blastomere  during 
mitotic  division  (Fig.  5).  The  aster  in  the  leucocyte  and  the 
fibrils,  contraction-bands,  etc.,  in  the  muscle-cell  are,  most  of 

1  I  am  glad  to  acknowledge  the  valuable  suggestions  and  kind  assistance  of 
my  friend,  Mr.  C.  W.  Green,  of  Johns  Hopkins  University. 
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them,  permanent  features  of  these  cells,  persisting  even  when 
the  cells  are  at  rest.  In  the  dividing  cell  the  corresponding 
structures  are,  as  a  rule,  only  transitory.  The  primary  oocyte 
of  Chaetopterus,  however,  is  a  remarkable  exception  to  the 
rule.  So  long  as  the  oocyte  remains  in  the  body-cavity  of  the 
worm,  it  contains  a  large  germinal  vesicle  and  no  trace  of 
asters  or  centrosomes;  but,  after  it  has  been  deposited  in  sea- 
water,  a  typical  amphiaster  with  distinct  centrosomes  at  either 
pole  is  developed.      If  the  egg  is  not  fertilized,  the  amphiaster 


Fig.  5.  —  Diagram  of  the  motor  apparatus  in  the  leucocyte  and  in  the  muscle-cell  (after  Watase). 

on  reaching  the  metaphase  (Fig.  4,  B)  remains  in  this  stage  for 
hours,  resembling  in  persistence,  as  well  as  in  structure,  the 
motor  apparatus  of  leucocytes  and  muscle-cells. 

The  leucocyte,  as  is  well  known,  is  susceptible  to  chemotac- 
tic  influences ;  certain  chemical  substances,  e.g.,  those  elabo- 
rated by  bacteria,  will  stimulate  the  motor  mechanism  of  this  cell 
to  normal  activity.  Likewise,  as  Mr.  Green  has  proved,  isolated 
portions  of  the  turtle's  heart  will  resume  the  normal  rhythmical 
contractions  upon  the  introduction  of  extremely  weak  solutions 
of  certain  salts;  e.g.,  sodium,  calcium,  potassium  and  magne- 
sium. May  not  the  analogous  mechanism  within  the  oocyte  of 
Chaetopterus  be  induced  to  resume  its  normal  activity  upon 
the  introduction  of  a  similar  stimulating  substance  .-' 

If  this  oocyte,  in  which  the  maturation  spindle  has  been 
developed,  is  placed  in  a  solution  of  from  ^  ^t/  to  ^  ^  KCl  in 
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sea-water,  the  normal  mitotic  activity  is  immediately  resumed. 
The  maturation  processes,  including  the  extrusion  of  the  first 
and  second  polar  globules  and  the  concomitant  changes  in  the 
form  of  the  egg,  succeed  one  another  with  the  same  regularity 
that  obtains  when  the  Q.gg  is  fertilized.  In  both  instances  the 
&%%,  at  first  spherical,  becomes  flattened  at  the  animal  pole 
just  before  the  first  polar  globule  is  formed,  but  soon  regains 


Fig.  6.  —  Diagram  showing  some  of  the  changes  in  the  form  of  the  oocyte  and  egg-cell  which 
take  place  upon  the  entrance  of  the  spermatozoon  or  upon  the  addition  of  potassium 
chloride  to  the  sea-water.  A  ,  primary  oocyte  before  the  first  polar  globule  is  formed  ; 
B,  secondary  oocyte  flattened  at  the  animal  pole,  first  polar  globule  :  C,  shape  assumed 
when  the  second  polar  globule  is  formed  ;  D,  formation  of  the  yolk-lobe.  (These  form- 
changes  are  not  so  pronounced  in  eggs  taken  from  animals  which  have  been  removed 
from  their  tubes  and  have  been  kept  for  a  few  days  in  an  aquarium.) 

its  original  form.  About  the  time  the  second  polar  globule  is 
formed,  the  contour  again  changes  and  the  tgg  becomes  pear- 
shaped,  the  apex  towards  the  animal  pole.  After  this  the  t^g 
again  assumes  the  form  of  a  sphere  (Fig.  6). 

But  the  similarity  between  the  behavior  of  the  fertilized  eggs 
and  those  subjected  to  potassium  chloride  does  not  stop  here, 
for  the  "  yolk-lobe,"  a  protuberance  at  the  vegetative  pole,  is 
formed  in  both  in  essentially  the  same  manner.  In  the  ferti- 
lized egg,  however,  the  first  cleavage-furrow  cuts  the  &gg  into 
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two  blastomeres,  while  the  lobe  is  developing,  and  the  latter  is 
borne  upon  the  larger  of  the  two  cells,  into  which  it  is  after- 
wards resorbed.  On  the  other  hand,  in  the  unfertilized  Qgg 
stimulated  by  the  salt,  the  lobe,  though  it  is  formed  in  exactly 
the  same  manner,  is  resorbed  into  the  undivided  ^g%,  which 
then  once  more  resumes  the  form  of  a  sphere.  Occasionally  a 
furrow  cuts  deeply  into  the  o^gg  at  the  animal  pole  and  then 
vanishes  again,  and  eggs  are  found  which  have  every  appear- 
ance of  being  in  the  2-cell  stage. 

In  regard  to  the  effect  produced  by  the  potassium  chloride, 
I  wish  to  emphasize  two  points:  first,  it  is  of  the  nature  of  a 
stimulus,  compatible  with  the  continuance  of  the  normal  devel- 
opmental processes,  and  is  not  of  the  nature  of  a  poison  or  an 
irritant  setting  up  irregular,  abnormal,  and  inconstant  changes; 
second,  the  stimulus  must  be  referred  to  the  specific  properties 
of  the  salt  and  not  to  a  change  in  the  density  of  the  water  in 
which  the  eggs  are  placed,  (i)  If  the  unfertilized  eggs  are 
allowed  to  remain  in  the  potassium  chloride  solution  for  only  a 
few  minutes  and  are  then  returned  to  normal  sea-water,  the 
effect  is  the  same  as  though  they  were  left  permanently  in  the 
salt  solution.  Furthermore,  eggs  may  be  fertilized  in  the  po- 
tassium chloride  solution  and  reared  to  free-swimming  trocho- 
phores  without  being  returned  to  the  normal  sea-water.  (2)  If 
sodium  chloride  is  added  to  the  sea-water  instead  of  potassium 
chloride,  no  apparent  effect  is  produced  upon  the  oocyte ;  but, 
if  the  potassium  is  added  to  this  solution,  or,  if  spermatozoa 
be  introduced,  the  polar  globules  will  be  formed  in  the  usual 
manner.  Similarly,  if  the  sea-water  is  diluted  by  the  addition 
of  Yi  volume  distilled  water,  no  effect  is  produced;  but,  when 
the  usual  amount  of  potassium  chloride  is  added,  the  mitosis  is 
immediately  resumed. 

The  behavior  of  the  unfertilized  eggs  that  have  been  stimu- 
lated by  the  salt  is  interesting  in  that  it  shows  how  many  of 
the  cytokinetic  and  karyokinetic  changes,  which  are  initiated 
by  the  entrance  of  the  sperm,  are  independent  of  the  sperm- 
nucleus,  "  sperm-centrosomes,"  and  asters.  In  the  fertilized 
egg,  while  the  polar  globules  are  being  formed,  asters  are  devel- 
oped about  the  sperm-centrosomes.     These  asters  grow  con- 
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tinuously  and  a  spindle  develops  between  them,  so  that  by  the 
end  of  the  maturation-period  the  egg  contains  a  huge  amphi- 
aster  with  extensive  rays.  The  recession  of  the  egg-nucleus 
appears  to  be  influenced  by  the  presence  of  this  amphiaster 
and  the  sperm-nucleus.  The  development  of  the  yolk-lobe 
would  seem  almost  certainly  to  be  correlated  with  the  develop- 
ment of  the  cleavage-amphiaster,  since  the  various  phases  in 
its  growth  and  resorption  correspond  with  the  definite  phases 
of  the  cleavage  mitosis.  Nevertheless,  in  the  unfertilized  eggs 
stimulated  with  potassium  chloride  the  two  maturation-divisions, 
the  reconstitution  of  the  egg-nucleus  and  its  inward  migration, 
and  even  the  protrusion  and  resorption  of  the  yolk-lobe,  take 
place  in  the  constant  and  orderly  sequence  which  is  character- 
istic of  the  fertilized  eggs,  though  there  is  nothing  in  them 
corresponding  to  the  sperm-nucleus  or  sperm-centres.  In  the 
one  case,  when  the  yolk-lobe  is  formed,  the  tg^  contains  an 
enormous  amphiaster;  in  the  other,  no  amphiaster  or  radiations 
are  present. 

Although  the  unfertilized  egg  will  remain  in  the  normal  sea- 
water  for  several  hours  without  apparent  change  of  form  and 
without  loss  of  the  capacity  for  maturation  and  fertilization 
yet,  if  it  is  stimulated  with  potassium  chloride,  not  only  do  the 
phenomena  of  maturation  ensue,  but,  after  about  an  hour  and 
a  half,  the  Q%g  begins  to  break  up  into  more  or  less  irregular 
segments,  which  frequently  resemble  the  ordinary  cleavage-blas- 
tomeres.  The  karyokinetic  activity  scnsu  strictn  does  not  stop 
with  the  reconstitution  of  the  egg-nucleus ;  but,  though  the 
sperm-nucleus,  amphiaster,  and  centrosomes  are  absent,  the  nine 
constituent  chromosomes  divide  and  the  daughter-chromosomes 
swell  up  into  vesicles  which  usually  remain  in  one  cluster  or  are 
irregularly  scattered  about,  and  resemble  those  found  in  the 
telophase  of  ordinary  mitosis.  At  this  stage,  however,  the  tgg 
is  no  longer  devoid  of  radiations.  On  the  contrary,  an  enor- 
mous system  of  fibers  radiates  from  the  centrosphere,  which 
surrounds  the  group  of  vesicles  and  extends  in  all  directions  to 
the  periphery.  The  rays  have  the  appearance  characteristic  of 
normal  mitosis  when  the  chromatic  vesicles  have  reached  this 
particular  stage  of  development.     Not  infrequently,  when  by 
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virtue  of  a  favorable  distribution  of  the  chromosomes  these 
cytoplasmic  rays  converge  towards  one  point,  a  dark  body  — 
centrosome  —  may  be  seen  at  the  point  of  convergence. 

These  experiments  show  that  a  chemical  stimulus,  applied 
for  a  short  time  to  the  oocyte  in  Chaetopterus,  initiates  a  series 
of  mitotic  changes  which  extends  over  a  much  longer  period. 
The  maturation-divisions,  reconstitution  of  the  egg-nucleus,  and 
extrusion  of  the  yolk-lobe  occur  exactly  as  though  the  sperm 
had  entered  the  egg.  It  is  a  natural  inference  from  these  phe- 
nomena that,  in  normal  fertilization,  the  entering  sperm  stimu- 
lates these  mitotic  activities  in  a  similar  manner,  i.e.,  by 
exerting  a  chemical  influence  upon  the'egg  and  not  by  furnish- 
ing the  Qgg  with  special  organs  of  division.  Indeed,  the  cyto- 
kinetic  changes,  including  the  formation  of  the  centrosome, 
seem  rather  to  be  in  response  to  the  activity  of  the  nucleus 
than  vice  versa. 

This  is  the  more  plausible  interpretation  of  those  cases  in 
which  the  entering  sperm  initiates  mitotic  division  without  the 
participation  of  the  "sperm-centres."  According  to  Wheeler, 
no  middle-piece  or  centrosome  can  be  distinguished  in  the 
sperm  of  Myzostoma,  though  the  latter  initiates  the  normal 
mitosis  in  the  egg  exactly  as  it  does  in  Chaetopterus.  More- 
over, even  in  the  egg  of  the  sea-urchin,  Richard  Hertwig  has 
shown  that  strychnine  stimulates  the  production  of  asters  and 
even  of  an  amphiaster,  although  he  finds  no  centrosome. 

In  the  Qgg  of  Chaetopterus,  which  has  been  stimulated  by 
potassium  chloride,  two  consecutive  mitoses  are  completed  in 
the  normal  fashion,  and  the  abnormal  phenomena  commence 
only  after  the  reconstitution  of  the  egg-nucleus.  The  abnor- 
malities may,  perhaps,  be  referred  to  the  lack  of  sperm-chromo- 
somes, which  are  necessary  to  complete  the  full  number  in  the 
cell.  That  the  full  number  of  chromosomes  is  essential  to  normal 
cell  activity  is  attested  by  its  constancy  in  all  tissue-cells  and 
by  the  universal  occurrence  of  "reduction  "  before  fertilization. 
The  continuance  of  the  cell-divisions  in  the  parthenogenetic 
eggs  of  Artemia  is  also,  perhaps,  due  to  the  fact  that  the 
chromosomes  of  the  second  polar  globule  remain  in  the  egg, 
rather  than  to  the  fact  that  the  centrosomes  persist. 
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From  our  new  point  of  view  we  may  briefly  reexamine  the 
rate  of  cell-division  in  the  cleavage-blastomeres. 

Let  us  take,  in  the  first  place,  as  a  specific  example,  one  of 
the  prototroch-cells  of  Amphitrite  (Diagram  I).  It  would  be 
difficult  to  maintain  that  this  cell  is  unable  to  divide  because  of 
the  absence  of  a  vigorous  centrosome,  inasmuch  as  it  must 
inherit  this  structure  as  an  heirloom  from  the  previous  cells  in 
whose  mitosis  there  was  no  indication  of  waning  activity.  The 
inhibition  of  the  division  of  the  prototroch-cell  would  seem  not 
to  depend  upon  its  position,  nor  upon  the  absence  of  an  organ 
of  division,  but  upon  the  metabolic  activity  peculiar  to  the  cell 
by  virtue  of  its  internal  structure. 

The  blastomeres  adjacent  to  the  prototroch-cells  have  a  dif- 
ferent structure,  and  consequently  a  different  metabolic  activ- 
ity, one  expression  of  which  is  a  difference  in  their  rate  of 
cleavage. 

We  would  not  imply  that  the  rate  of  cleavage  of  the  blasto- 
meres is  unaffected  by  stimuli  from  without  the  cell,  coming 
from  intercellular  secretions,  from  the  medium  in  which  the 
Qg^  lies,  or  from  some  other  source;  indeed,  the  effect  of 
potassium  chloride  upon  the  oocyte  and  egg-cell  is  evidence  to 
the  contrary.  The  position  occupied  by  one  blastomere  may 
be  more  favorable  for  the  reception  of  these  stimuli  than  that 
occupied  by  another ;  yet  the  extreme  differences  in  the  rate 
of  division  exhibited  by  cells  which  are  adjacent  in  time  or  in 
space  are  out  of  all  proportion  to  the  differences  in  their 
positions. 

The  peculiar  organization  of  the  cell  determines  the  charac- 
ter of  its  response  to  a  stimulus  — determines  whether  the  cell 
shall  or  shall  not  divide. 
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THE  CELL  ORIGIN  OF  THE  PROTOTROCH. 

A.    D.   MEAD, 
Brown  University. 

Notwithstanding  the  wholesome  reaction  against  the  fre- 
quently reckless  application  of  Baer's  biogenetic  law,  larval  and 
embryonic  characters  still  hold  an  important  place  as  criteria  of 
the  relationship  of  organic  forms.  The  larval  characters  of  the 
tunicates  are  significant  indices  of  the  relationship  of  these 
animals  to  the  vertebrates,  but  perhaps  no  larval  form  has 
rivalled  the  trochophore  or  trochosphere  in  provoking  phylo- 
genetic  speculation.  The  splendid  work  of  Roule,  V Anatoviie 
Coniparec,  which  has  appeared  within  the  last  year,  bears  wit- 
ness to  the  importance  which  is  at  present  attached  to  this 
larval  type  in  establishing  the  relationship  of  such  various 
forms  as  the  annelids,  rotifers,  bryozoans,  mollusks,  etc.  All 
these  forms  are  grouped  together  by  him  into  one  branch  of 
the  animal  kingdom,  the  TrocJiozoa;  for,  although  the  bodies 
of  the  different  Trochozoa  are  highly  variable  in  form  and  struc- 
ture, they  all  may  be  derived  in  the  normal  embryonic  develop- 
ment from  the  trochophore  larva,  which  is  constructed  on  one 
constant  organic  plan. 

The  features  characteristic  of  the  trochophore  arise  in 
various  TrocJiozoa  under  very  different  conditions  of  embryonic 
development,  and  are  possessed  by  some  adult  animals,  for 
example,  TrocJiospJicsra  (Semper).  These  facts  give  deep 
interest  and  wide  bearing  to  the  comparative  study  of  the 
embryonic  origin  of  the  trochophore  itself. 

One  of  the  essential  structural  characters  of  this  larval  form 
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Fig.  I.  —  Left  side  of  fertilized  unsegmented  egg  of 
A  mphitrite.  Polar  globules  indicate  the  position 
of  the  animal  pole. 


is  the  transverse  ciliated  fringe,  tJic  protoirocJi    (Figs.    13-16), 
and    it    is   the   purpose  of    this   paper  to   bring  together    and 

compare  the  observations  of 
several  workers  who  have 
employed  the  method  of  cell- 
lineage  to  determine  the  exact 
origin  of  this  organ. 

In  order  to  establish  a  con- 
crete example  for  comparison, 
let  us  proceed  at  once  to  the 
account  of  the  origin  of  a 
simple  and  fairly  typical  pro- 
totroch,  namely,  that  of  the 
marine  annelid  AmpJiiti-itc. 

The  spherical  Qgg  is  of 
medium  size,  about  one-tenth 
of  a  millimeter  in  diameter, 
without  much  yolk,  and  is 
unprotected  save  by  a  thin 
wrinkled  o-g^  membrane. 
Fig.  I  represents  the  egg 
seen  from  the  left  side. 
Fertilization  has  taken  place, 
and  the  polar  globules  remain 
attached.  The  succeeding 
figures  represent  the  ^gg  in 
the  same  position,  unless 
otherwise  stated.  Fertiliza- 
tion takes  place  in  the  sea 
water,  and  the  cleavage  pro- 
gresses so  rapidly  that  the 
larva  swims  in  a  few  hours. 
The  first  cleavage  being  un- 
equal, the  2-cell  stage  is  char- 
acterized by  the  possession 
of  a  larger  and  a  smaller 
blastomere,  which  are  represented  in  side  view  in  Fig.  2.  After 
this  the  cells  divide  with  some  irrregularity  in  time  and  in  the 


Fig.  2.  — Left  side  of  A  mphitrite  egg,  2-cell 
stage,  oriented  as  in  Fig.  i. 
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Fig.  3.  —  Loxodromic  curve  ("  left-handed  spiral  ")  described 
about  a  sphere,  showing  the  general  direction  of  the 
cleavage  furrows  which  cut   the  cells  of  the  2-,  8-,  and 

32-cell  stages. 


size  of  the  resulting  blastomeres,  yet  the  irregularity  is  not  so 
great  as  to  obscure  the  rhythm  of  cleavage,  which  expresses 
itself  in  the  following 
manner  : 

Each  of  the  two  cells 
divides,  so  that  we  have 
a  4-cell  stage  ;  then  each 
of  these  cells  divides, 
and  so  on,  the  number 
of  cells  increasing  in 
geometrical  progression 
until  the  o.^^  consists 
of  sixty-four  cells.  A 
^  distinct  rhythm  is  ob- 
served also  in  the  direc- 
tion of  cleavage,  for  the 
cleavage  planes  lie  ob- 
liquely across  the  meridians  of  the  t^g.  The  cells  in  the  2-,  8-, 
and  32-cell  stages  are  divided  by  cleavage  furrows  which  take 
the  general  direction  of  the  loxodromic  curve  in  Fig.  3,^  which 
may  be  rather  loosely  but  conveniently  defined  as  a  left-handed 

spiral  described  around  a 
sphere  from  pole  to  pole. 
The  cells  of  alternate  gen- 
erations, namely,  of  the  4- 
and  i6-cell  stages,  are  cut 
by  furrows  which  have  an 
opposite  direction,  as  rep- 
resented in  Fig.  4.  These 
curves  may  be  called,  for 
convenience,  left  and  right 
respectively,  following 
the    conventional    nomen- 

FiG.  <;.  — Loxodromic    curve   ("right-handed   spiral"),    clatUrC    for    thc    thrCads    On 
having  the  general  direction  of  the  furrows  which  cut 
the  4-  and  i6-cell  stages  and  many  of  those  of  the  64-    a   SCrCW. 

""  ^'^se.  The  rhythm  of  division 

1  In  the  diagram  this  curve  cuts  the  equator  at  one  point  only.     The  curve 
will,  of  course,  cut  the  equator  at  any  point,  if  rotated. 
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ceases  abruptly  at  the  64-cell  stage.  The  cells  of  this  stage 
are,  of  course,  all  of  the  same  generation,  the  seventh,  counting 
the  ovum  as  one  ;  yet,  as  a  consequence  of  the  obliquity  of  the 

cleavage  furrows,  the  cells  are 
not  directly  superimposed,  but 
alternate  with  one  another. 

For  many  reasons  it  is  help- 
ful to  conceive  of  the  o^^^  as 


consisting  of  four  quadrants, 
each  of  w^hich  is  composed  of 
the  derivatives  of  one  of  the 
cells  of  the  4-cell  stage.  Any 
cell  in  one  quadrant  corre- 
sponds in  origin  and  in  posi- 
tion to  a  cell  in  each  of  the 
other  quadrants. 

Let  us  consider  the  Q.gg  in 


Fig.  5.  —  A)uJ>hitrite,  left  side,  four  cells  getting 
ready  to  divide  into  eight. 


the  4-cell  stage  (Fig.  5)  as 
composed  of  one  quartette  of  cells  about  to  divide.  Four  of  the 
descendants  of  each  of  these  cells  will  belong  to  the  primary 
prototroch.  In  a  similar  way  the  q%z  ^^  the  8-cell  stage  con- 
sists of  two  quartettes  of  cells, 
those  of  one  quadrant  meet- 
ing at  the  anterior  pole,  the 
position  of  which  is  indicated 
in  Fig.  6  by  the  polar  glob- 
ules, those  of  the  other  meet- 
ing at  the  posterior  pole.  Tlie 
primary  prototrocJial  cells  are 
all  descended  from  the  cells 
of  the  ajitcj'ior  quartette,  and 
from  that  portion  of  the  cells 
which  is  stippled  in  Fig.  6. 
The  cells  of  this  quartette,  or, 
in  the  latter  stages  their  descendants,  constitute  the  anterior 
hemisphere,  or  umbrella,  and  the  cells  of  the  posterior  quartette 
constitute  thQ  posterior  heviisphere,  ox  sjibjimbrella.  The  hemi- 
spheres are  separated  in  the  drawings  by  a  dotted  line. 


Fig.  6.  — Aviphiirite,  left  side,  last  phase 
of  8-cell  staee. 
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After  the  next  cleavage  the  i6-cell  stage  is  formed,  in  which 
the  cells  are  disposed  in  four  quartettes.  F'ig.  7  represents  the 
Q:gg  in  this  stage  seen  from  the  side,  but  slightly  rolled  to 
show  all  the  eight  cells  of  the 
anterior  hemisphere.  The 
polar  globules  lie  in  the  mid- 
dle of  the  hemisphere.  The 
derivation  of  the  cells  from 
those  of  the  8-cell  stage  is  in- 
dicated by  the  arrows,  and  the 
furrow  between  each  pair  of 
cells  has  the  general  direction 
of  the  loxodromic  curve  in 
Fig.  3.  The  dotted  line  in- 
dicates the  boundary  between 
the  two  hemispheres,  and  the 
heavy  lines  separate  the  quad- 
rants. The  four  cells  which 
are  stippled  in  Fig.  7,  one  in 
each  quadrant,  are  the  pri- 
mary trocJioblasts  in  the  strict 
sense,  for  they  contain  all  the 
vtaterial  of  the  primary  pro- 
totroch  and  no  other  material. 

By  the  division  of  the  six- 
teen cells  represented  in  Fig. 
7  the  32-cell  stage  is  attained 
(Fig.  8).  It  consists  of  eight 
quartettes  (four  cells  in  each 
quadrant),  two  of  them,  the 
third  and  fourth,  from  the 
animal  pole,  being  derivatives 
of  the  primary  trochoblast 
and  stippled  as  in  Fig.  7. 
(Fig.  8  really  represents  the 
beginning  of  the  transition  between  the  32-  and  64-cell 
stage.  Two  of  the  cells  of  the  subumbrella  hemisphere  have 
divided.     These  cells,  however,  do  not  concern  us  especially.) 


Fig.  7.  —  Amphitrite,  from  left  side  and  top,  i6-cell 
stage.  Heavy  solid  lines  divide  the  quadrants; 
dotted  lines  divide  the  anterior  and  posterior 
hemispheres. 


Fig.  ^.  —  Amfhitrite,  left  side,  32-cell  stage. 


ii8 


BIOLOGICAL   LECTURES. 


The  spindles  in  the  trochoblast  cells  indicate  the  direction  of 
their  next  division,  which  results  in  the  64-cell  stage  (Fig.  9). 
Fig.   10  is  an  apical  view  of  the  anterior  hemisphere  in  the 

32-cell  stage,  showing  the 
four  alternating  quartettes 
of  umbrella  cells,  and  the 
uppermost  quartette  of  sub- 
umbrella  cells.  The  cells 
of  the  first  quartette  have 
the  nuclei  figured  ;  those  of 
the  second  are  left  clear ; 
those  of  the  third  and  fourth 
quartettes  (primary  trocho- 
blast cells)  are  stippled.  All 
of  the  thirty-two  cells  divide 
again,  so  that  the  egg  is 
composed  of  sixty-four  cells, 
arranged  in  sixteen  quar- 
tettes, making  sixteen  cells 
in  each  quadrant.  Four  of 
these  quartettes,  the  fifth,  sixth,  seventh,  and  eighth,  stippled 
in  Fig.  II,  comprise  the  cells  of  ih.Q  primary  prototrock. 
It  is  obvious  that,  in  consequence  of  the  regularity  of  cleav- 


FiG.  9.  —  A  tnphitrite,  32-cell  stage,  from  anterior  end 
View  of  umbrella  or  anterior  hemisphere. 


to 


Fig.  10.  —  y4>«//;//r-/V^,  from  leftside.  Primary 
and  secondary',  shaded,  respectively,  with 
dots  and  lines. 


Dorsol 


Ven-lral 

Fig.  II. — Amphitrite,  beyond  32-cell  stage, 
from  anterior  poles,  slightly  distorted  to 
show  all  25  prototroclial  cells. 


THE    CELL    ORIGLY  OF   THE   PROTOTROCH. 


119 


age,  one-half  of  all  the  cells  are  descendants  of  the  four  upper 
cells  of  the  8-cell  stage  (the  anterior  hemisphere  or  umbrella), 
and  that  the  sixteen  primary  prototroch  cells  all  belong  to  this 
hemisphere. 

By  means  of  the  primary  prototroch,  which  consists  of  four 
isolated  groups  of  cells,  the  ^^g,  or  trochophore,  as  we  may  now 
call  it,  swims  about  for  a  considerable  time.  In  the  course  of 
a  few  hours,  however,  nine  more  cells,  secondary  prototroch, 
become  differentiated  and  develop  cilia,  and  these,  together 
with  the  sixteen  cells  already  described,  constitute  the  defini- 
tive prototrocJi.  As  is  shown  in  Fig. 
9,  these  additional  cells,  which  are 
shaded  with  lines,  are  disposed  in 
such  a  manner  that  they  fill  the 
spaces  between  the  isolated  portions 
of  the  primary  prototroch  except  in 
one  quadrant.  Tims  tJie  definitive 
prototrocJi  consists  of  txventy-fivc  cili- 
ated cells  ivhich  lie  in  a  nearly  com- 
plete belt  around  the  trochophore 
(Fig.  13,  p.  120). 

The  primary  and  the  secondary 
prototroch  cells,  although  together 
they  form  a  single  larval  organ,  have 
different  modes  of  origin,  for  the 
cells  of  the  secondary  prototroch  are 
derived  from  the  lower  (posterior) 
quartette  in  the  8-cell  stage,  that  is,  from  the  posterior  hemi- 
sphere, or  subumbrella. 

For  convenience  of  description,  we  may  assume  the  existence 
of  a  specific  material  which  will  become  the  secondary  proto- 
troch, and  may  locate  this  material  in  the  subumbrella  during 
the  successive  stages  of  cleavage.  In  the  i6-cell  stage  the 
material  occupies  a  portion  of  three  of  the  cells  of  the  third 
quartette,  counting  from  the  upper  pole,  which  alternate  with 
the  primary  trochoblasts.  In  Fig.  7,  p.  117,  the  cell  marked  a'^ 
and  partially  shaded  with  lines  is  one  of  the  three  cells  in 
question.     The  cell  marked  d"^  belongs  to  the  quadrant  which 


Fig.  12.  —  Diagram  of  prototrochal 
cells,  seen  from  left  side,  in  Ajitphi- 
trite,  Clymenella,  and  Arenicola. 
Two  groups  of  primary  and  one  of 
secondary'  prototrochal  cells. 
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does  not  contribute  any  secondary  prototroch  cells.  In  the 
32-cell  stage  the  material  is  still  in  these  cells  of  the  highest 
quartette  of  the  subumbrella.     One  of  them  is  shown  in  the  side 


Fig.  13.  —  .,4  w//i;VrjV^  trochophore,  showing  apical  tuft,  prototroch,  patatroch,  stomadsma,         _ 
and  one  arm  of  niesoblast  consisting  of  six  cells. 

view,  Fig.  8,  and  all  three  in  Fig.  9,  shaded  with  lines.  TJiese 
three  cells  may  be  called  secondary  trocJwblasts,  although  they 
contain  a  small  amount  of  material  (see  unshaded  portion  of 


Fig.  14. —  Amphitrite,  left  side  ;  prototroch,  paratroch;  mouth  at  arrow  ;  outline  of 
archenteron  stippled  ;  mesoderm  stippled. 


cell  in  Fig.  8)  ivJiicJi  does  not  enter  the  prototroch.  With  the 
next  cleavage  each  of  these  cells  divides  so  that  the  six  cells, 
two  in  each  of  the  three  quadrants,  contain  the  material  of  the 
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secondary  prototroch.  These  finally  divide  again  in  the  direc- 
tion indicated  by  the  spindles  in  Fig.  lo.  Thus  each  of  the 
three  secondary  trochoblasts  is  at  last  represented  by  a  group 
of  four  cells,  q,  r,  s,  and  t,  in  Fig.  12.  Three  of  these,  c/,  r,  and 
s,  are  about  equal  in  size,  and  constitute  the  secondary  pTototrocJi. 

The  relative  position  of  all 
the  prototroch  cells  is  shown  in 
the  apical  view  of  the  umbrella 
hemisphere  in  Fig.  11,  which 
is  slightly  distorted  and  brings 
the  secondary  prototroch  cells 
into  sight.  The  shading  accords 
with  that  of  the  previous  figures. 
The  primary  prototroch  cells  are 
stippled,  the  secondary  shaded 
with  lines,  and  the  minute  prod- 
ucts of  the  secondary  trocho- 
blasts are  drawn  with  dotted 
lines.  The  unshaded  cells  in 
the  upper  margin  between  two 
groups  of  primary  prototrochal 
cells  interrupt  the  continuity  of 
the  prototroch.  They  corre- 
spond in  origin,  however,  to  the 
secondary  prototroch  cells  of  the 
three  other  quadrants.  The  re- 
maining cell,  /,  Fig.  12  (dotted 
in  Fig.  11),  is  small,  divides 
again  much  later,  and  has  an 
unknown  destiny.  The  inter- 
ruption in  the  continuity  of  the 
ciliated  band  in  the  mid-dorsal  region  is  later  obliterated  by  the 
approach  and  concrescence  of  the  prototroch  cells  from  either 
side.  The  completed  prototroch,  consisting  of  twenty-five 
cells,  persists  for  five  or  six  days,  until  the  larva  has  developed 
several  seta-bearing  metameres. 

Some  of  the  later  stages  of  the  trochophore  are  represented 
in  Figs.  13,  14,  1 5,  and  16.     For  a  considerable  time  the  outlines 
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Fig.  15. — Amphitrite.  Prototroch,  paratroch 
closed  ventrally.  nmc.  gl.,  mucous  glands; 
Jl.,  flagella;  xkc,  ventral  baud  of  cilia: 
prob.,  problematic  bodies  which  persist  only 
as  long  as  the  prototroch. 
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of  the  component  cells  of  the  prototroch  can  be  distinguished, 
but  in  late  stages  only  a  few  of  them  can  be  made  out  in  sur- 
face view,  though  tangential  sections  prove  that  they  still  exist. 
As  the  larva  elongates,  the  prototroch  extends  over  more  surface, 
but  the  cells  become  thinner.  The  cilia  are  fine,  not  very  long, 
and  are  thickly  and  evenly  distributed.  In  the  figures  they  are 
represented  in  a  purely  diagrammatic  manner,  being  much  too 
coarse  and  not  nearly  numerous  enough  to  reproduce  the  actual 
appearance.  When  the  larva  begins  to  elongate,  a  second  belt 
of  cilia,  the  paratroch,  develops  around  its  posterior  end.  The 
paratroch  consists  of  four  ciliated  cells  which  are  derived  from 
the  cell  marked  d'^  in  Fig.  7,  p.  117,  and,  therefore,  from  that 
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Fig.  16.  —  Lateral  view  of  Ai/iphitrite  just  before  the  disintegration  of  prototroch,  paratroch, 
and  mucous  glands  ;  vted.  tent.,  median  tentacle. 

quadrant  which  did  not  contribute  to  the  secondary  prototroch. 
At  first  the  four  cells  lie  in  a  nearly  straight  row,  but  the  end 
(lateral)  cells  gradually  approach  each  other,  and  finally  meet 
on  the  ventral  side,  as  may  be  seen  by  comparing  Figs.  13,  14, 
15,  and  16.  Other  cilia  and  flagella  appear  in  tufts  or  bands 
over  various  parts  of  the  body,  while  the  larva  is  leading  a 
free-swimming  existence  ;  but  all  these,  including  prototroch 
and  paratroch,  suddenly  disappear  when  the  larva,  about  five  or 
six  days  old,  settles  to  the  bottom. 

Figs.  13-16,  when  compared  with  the  earlier  drawings,  illus- 
trate the  orientation  of  the  body  and  the  elongation  of  the 
trunk.  The  anterior  end  is  at  the  left  of  the  picture,  the  pos- 
terior end  at  the  right ;  the  dorsal  side  at  top,  and  the  ventral 
side  at  bottom.      The  anterior  end   is   marked   by   the   polar 
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globules  in  the  earlier  drawings,  and  by  the  apical  tuft  of 
flagella  in  Figs.  14-16.  The  median  tentacle  grows  out  just 
ventral  to  the  apical  tuft.  The  posterior  end  is  the  middle  of 
the  area  which  becomes  enclosed  by  the  paratroch  cells,  and 
here  the  proctodasum  is  formed  (Fig.  16).  The  "budding 
zone  "  lies  just  in  front  of  the  paratroch,  and  it  is  by  the  rapid 
growth  in  this  region  that  the  trunk  elongates.  The  distance 
between  the  prototroch  and  paratroch,  therefore,  continually 
increases. 

We  stated  at  the  beginning  of  this  paper  that,  inasmuch  as 
the  trochophore  is  a  highly  representative  larval  form,  the 
embryonic  origin  of  one  of  its  essential  organs  might  prove  to 
be  of  especial  value,  and  the  history  of  the  origin  of  the  proto- 
troch in  the  one  species  which  we  have  reviewed  strengthens 
this  conjecture  and  brings  out  some  additional  points  of  in- 
terest. 

The  prototroch  is  differentiated  as  a  definite  functional 
organ  at  a  very  early  stage  in  development,  when  the  whole 
body  consists  of  less  than  i  50  cells.  It  is  composed  of  com- 
paratively few  cells  (twenty-five),  which  are  constant  in  num- 
ber, in  size,  in  relative  position,  and  in  mode  of  origin,  in  all 
individuals  of  the  species.  The  portion  of  the  larva  differen- 
tiated as  the  prototroch  is  sharply  marked  off  from  the  surround- 
ing areas  by  the  cell  boundaries,  and  the  cells  in  the  immediate 
vicinity  of  the  prototroch  do  not  especially  resemble  the  latter 
either  in  behavior  during  cleavage  or  in  ultimate  function. 

Having  thus  taken  our  bearings,  we  find  ourselves  in  this 
position.  The  trochophore  is  a  larval  form  characteristic  of  a 
large  group  of  animals,  annelids,  gasteropods,  rotifers,  etc.,  and 
the  prototroch  in  one  species,  at  least,  arises  always  in  the 
same  manner  from  certain  cells  through  a  definite  process  of 
cleavage.  Although  the  origin  of  the  prototroch  is  compara- 
tively simple,  yet  it  is  sufficiently  complex  to  offer  ample 
opportunity  for  variation,  and  by  comparing  its  cell-origin  in 
other  animals  we  may  hope  to  ascertain  whether  it  always 
arises  from  the  same  cleavage  cells.  If  it  does  so  arise,  then 
we  may  consider  that  its  component  cells  are  homologous,  and, 
of  course,  the  homology  of  the  prototroch  itself  will  thereby  be 
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Strengthened.  If  it  arises  sometimes  from  one  group  of  cells 
and  sometimes  from  another,  then  its  origin  may  be  considered 
either  an  accident  of  the  cleavage  processes  which  are  without 
morphological  significance,  or  as  indicating  that  the  prototroch 
is  not  homologous  in  the  forms  examined.  To  illustrate  :  let 
us  suppose  that  we  were  ignorant  of  the  internal  structure  of 
the  limb  in  the  vertebrates.  This  organ,  being  characteristic 
of  the  higher  vertebrate  body,  and  having  a  general  external 
resemblance  in  different  forms,  would  seem  to  be  homologous 
throughout  the  series.  Now  let  us  suppose  that  we  have 
ascertained  the  origin  and  arrangement  of  the  component  struc- 
tures of  this  organ  in  one  species  man.  If,  on  comparison 
with  other  species,  we  find  that  the  component  structures  of 
the  limb  have  the  same  arrangement  and  arise  in  the  same  way, 
we  may  then  consider  these  parts  also  to  be  homologous  struc- 
tures, and  the  homology  of  the  entire  limb  is  sustained  thereby. 
If,  however,  we  find  that  the  origin  of  the  component  struc- 
tures is  essentially  different  in  the  various  forms,  we  may  then 
conclude  either  that  the  embryonic  origin  is  without  morpho- 
logical significance,  or  that  the  limbs  themselves  are  not 
homologous. 

We  will  begin  the  comparison  of  the  trochophore  of  AmpJii- 
trite  with  those  of  other  annelids,  assuming  that  the  prototroch 
cells  are  homologous  structures,  and,  in  keeping  with  the  illus- 
tration we  have  just  given,  we  may  expect  to  find : 

First,  that  the  particular  features  of  the  cell-origin  of  the 
prototroch  in  AmpJiitrite  are  not  the  result  of  the  environmental 
conditions  which  are  peculiar  to  this  Q%g,  but  that  the  same 
origin  obtains  in  other  well-developed  trochophores  whose  envi- 
ronment differs  considerably  from  that  of  Amphitrite. 

Second,  that  in  those  annelids  in  which  the  prototroch  is 
more  or  less  suppressed  and  develops  at  a  late  stage,  the  cells 
which  we  have  identified  as  trochoblasts  are  small  and  slow  in 
dividing. 

Third,  that  in  distantly  related  TrocJiozoa  which  possess  a 
larval  structure  similar  to  the  annelid  prototroch  some  similari- 
ties obtain  in  the  cell-origin  of  this  structure. 

Lastly,  we  might  expect  that  annelid  trochophores  would  be 
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found  in  which  the  mode  of  origin  of  the  prototroch  is  a  modi- 
fication of  that  in  the  assumed  type,  a  modification  analogous 
to  that  in  the  skeleton  of  the  vertebrates,  due  either  to  the 
fusion  or  reduplication  of  parts. 

Fortunately  the  few  annelids  in  which  the  cell-origin  of  the 
prototroch  has  been  worked  out  represent  different  families. 
Clymciiella,  for  example,  belongs  to  the  Afa/danidce,  a  family 
not  closely  related  to  the  Terebelidcs  to  which  Ainphitrite 
belongs. 

The  Q.g%  of  Clymeiiella  is  nearly  twice  the  diameter  of  that 
of  AinpJiitritc,  contains  more  yolk,  and  develops  more  slowly. 
The  upper  hemisphere  is  relatively  smaller,  and  there  are  many 
minor  differences  in  the  rhythm  of  the  cleavage  and  in  the  size 
of  the  cells.  The  trochophore  is  similar  in  many  respects,  but 
is  less  active.  The  definitive  prototroch,  however,  consists  of 
twenty-five  cells,  forming  a  nearly  complete  band  around  the 
larva.  In  the  i6-cell  stage  we  find  the  four  primary  trocho- 
blasts  which  give  rise,  by  two  subsequent  cell  divisions,  to 
sixteen  cells,  which  constitute  the  primary  prototroch.  Each 
of  the  three  secondary  trochoblasts  (32-cell  stage)  divides 
into  a  group  of  four  cells,  of  which  three  are  larger  and  sub- 
equal,  while  a  fourth  is  small.  The  three  larger  cells  in  each 
group  become  ciliated  and  complete  the  prototroch,  while  the 
small  one  does  not  enter  into  it.  In  brief,  the  origin  of  tJic 
definitive  prototrocJi  of  Clynienella  is  identical,  cell  for  cell,  zvith 
that  of  Amphitrite. 

In  Arcjiicola  cristata  we  have  a  representative  of  another 
family  of  annelids,  the  ArenicolidcB.  The  eggs  of  this  worm 
undergo  their  early  development  while  encased  in  a  gelatinous 
capsule,  and  the  cleavage  differs  somewhat  from  that  of  Amphi- 
trite and  Clymenella  in  rhythm  and  in  the  relative  size  of  the 
blastomeres  ;  but  Dr.  Child  has  shown  that  the  primary  proto- 
troch and,  later,  the  definitive  prototroch  originate  in  precisely 
the  same  manner,  cell  for  cell,  as  in  Amphitrite  and  in  Clyme- 
nella. 

Though,  I  think,  the  cell-origin  of  the  definitive  prototroch 
has  not  been  traced  in  other  annelids,  there  are  records  of  the 
mode  of  origin  of  the  primary  prototroch  in  several. 
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In  Lcpidonotus  it  is  composed  of  sixteen  cells,  which  arise 
exactly  as  in  the  annelids  just  described  (see  Figs.  6-11, 
stippled  cells).  These  cells  put  out  cilia  very  soon  after  they 
are  formed,  as  they  do  in  Aniphitritc  (Fig.  10).  Later,  three 
of  the  gaps  between  the  separated  portions  of  the  primary  pro- 
totroch  are  filled  by  other  ciliated  cells,  while  the  mid-dorsal 
interruption  persists  just  as  in  Fig.  1 1  of  Aniphitritc.  It  is  not 
improbable,  therefore,  that  the  definitive  prototroch  of  this 
worm  has  the  same  origin  as  that  of  other  forms.  Lcpidonotus 
belongs  to  the  Ap/irodiiidce;  the  eggs  are  comparatively  small, 
and  the  cleavage  is  equal,  so  that  up  to  the  64-cell  stage 
it  is  not  possible  to  distinguish  one  quadrant  from  another. 
This  fact  makes  it  of  especial  interest  that  the  gaps  in  the 
primary  prototroch  are  filled  in  only  three  quadrants  instead  of 
in  all  four,  for,  if  the  destiny  of  the  secondary  trochoblasts  were 
dependent  only  upon  thQir  position  in  the  cell  complex,  we  might 
expect  that  the  destiny  of  the  corresponding  cells  would  be  the 
same  in  all  four  quadrants. 

Podarke,  which  has  been  described  by  Treadwell,  has  a  func- 
tional primary  prototroch  of  sixteen  cells  of  the  same  origin 
as  in  the  other  forms  just  described.  (Mr.  Treadwell  has  not 
yet  published  the  history  of  the  secondary  prototrochal  cells.) 
Podarke  belongs  to  the  family  Ncrcidcz.  The  egg  is  even 
smaller  than  that  of  Lcpidotiotus,  and  the  cleavage  is  equal. 

St/icnclais,  family  ApJiroditidcE,  according  to  Treadwell,  also 
has  an  equal  cleavage,  and  a  functional  primary  prototroch  of 
sixteen  cells  is  derived  exactly  as  in  the  five  annelids  which  we 
have  already  described. 

We  may  now  proceed  to  those  annelids  in  which  the  mode  of 
origin  of  the  primary  prototroch  appears  to  be  a  modification 
of  the  type.  Among  these  forms  Hydroidcs  is  of  special 
interest. 

Wilson  and  Treadwell  have  shown  that  the  functional  proto- 
troch of  Hydroidcs  consists  of  eight  cells,  two  in  each  quadrant ; 
but  the  origin  of  the  primary  prototroch  in  Hydroidcs  is  different 
from  that  of  AinpJiitrite  only  in  this  respect,  that  the  primary 
trochoblasts  divide  only  once  instead  of  twice.  In  the  seven 
annelids  which  we  have  considered,  the  primary  trochoblasts 
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of  the  i6-cell  stage,  stippled  in  Fig.  8,  p.  117,  contain  material 
for  the  prototroch  only,  and  the  phenomenon  in  Hydroides, 
as  compared  with  that  of  other  species,  seems  to  indicate  that 
a  cell  in  which  material  of  a  specific  structure  only  is  segregated 
may  divide  once,  twice,  or  perhaps  more  times.  As  long  as  all 
the  descendants  of  the  trochoblasts  enter  into  the  formation  of 
the  structure  in  question,  it  does  not  matter  how  many  divisions 
take  place.  This  view  is  further  supported  by  what  has  been 
found  in  Capitclla.  According  to  Eisig's  recent  account,  we 
find  in  this  annelid  a  modification  of  the  type  in  the  direction 
of  multiplication  rather  than  reduction.  Though  sixteen  cells 
are  produced  from  the  four  trochoblasts,  and  all  contribute  to 
the  prototroch,  they  undergo  still  further  division  before  they 
become  functional. 

The  first  attempt  to  determine  the  exact  cell-origin  of  the 
prototroch  was  made  by  E.  B.  Wilson  on  the  Q.gg  of  N'ereis. 
He  described  what  now  seems  to  be  a  peculiar  variation  from 
the  type.  The  four  trochoblasts  divide  as  in  AmpJiitrite  into 
sixteen  cells,  but  four  of  these  cells,  the  upper  one  in  each 
quadrant,  do  not  enter  into  the  prototroch,  but  the  other  twelve 
cells  do  so.  IMore  cells  are  subsequently  added,  but  their 
origin  is  uncertain.  If  this  account  is  correct.  Nereis  is  the 
only  annelid  in  which  the  primary  trochoblast  has  been  shown 
to  give  rise  to  other  than  prototrochal  cells. 

We  may  now  pass  from  a  comparison  of  the  prototroch  and 
umbrella  hemispheres  in  those  annelids  which  represent  the 
indirect  type  of  development,  and  examine  these  features  in 
annelids  of  more  direct  development,  in  which  the  trochophore 
is  more  or  less  suppressed. 

The  partially  suppressed  trochophore  of  Scolecolepis  is  de- 
veloped from  an  egg  which  contains  an  abundance  of  yolk  and 
is  protected  during  its  early  development  within  the  sand-tube 
dwelling  of  the  worm.  In  the  8-cell  stage  the  four  anterior  cells 
(upper  quartette)  are  very  small  in  comparison  with  the  four 
posterior  ones.  All  eight  cells  divide  so  nearly  at  the  same 
time  that  a  i6-cell  stage  results.  Figs.  17  and  18  show  that 
the  four  stippled  cells,  which  correspond  to  the  primary  trocho- 
blasts of  other  forms,  are  far  smaller  than  any  of  the  other  cells  ; 


128  BIOLOGICAL   LECTURES. 

not  only  are  they  smaller,  but  they  are  the  most  tardy  in  divid- 
ing. After  all  the  other  cells  have  undergone  another  cleavage, 
these  trochoblasts  remain  undivided.  For  this  reason  the 
next  stage,  which  is  shown  in  Figs.  19  and  20,  consists  of  but 
twenty-eight  cells  instead  of  thirty-two.  Three  of  these  cells 
correspond  exactly,  of  course,  to  the  secondary  trochoblast 
of  Aniphitntey  Cljmenella,  and  Arenicola,  and  are  therefore 
shaded  as  in  Figs.  8  and  9,  though  they  are  very  small  in 
Scolccolcpis.  Thus  in  Scolecolcpis  the  smallness  of  the  anterior 
quartette   of    cells   in   the   8-ceIl   stage,   and    the    conspicuous 


Fig.  17.  —  Scolecolepis,  i6-cell  stage,  left  side.  Fig.  i8.  —  Scolecolefisy  i6-cell  stage,  seen 

Primary  trochoblasts  stippled;  anterior  hem-  from  anterior  end. 

isphere  (umbrella)  bounded  by  dotted  line. 

minuteness  of  the  trochoblasts,  as  well  as  their  tardiness  in 
dividing,  correspond  exactly  with  the  small  size  of  the  umbrella 
of  the  trochophore  and  the  small  size  and  late  development  of 
the  prototroch.  This  annelid,  then,  in  its  mode  of  development 
stands  intermediate  between  such  forms  as  Amphitrite  or  Lcpi- 
donotiis,  which  possess  a  typical  trochophore,  and  RhyncJiclvns 
and  Clcpsmc  (Fig.  22),  in  which  the  development  is  direct  and 
the  trochophore  undeveloped. 

Nereis  Diiinmerillii  (von  Wistinghausen)  approaches  even 
nearer  than  Scolecolepis  to  the  direct  type.  In  the  former  the 
anterior  quartette  (umbrella  cells)  in  the  8-cell  stage  (Fig.  21) 
are  smaller  still  in  proportion  to  the  posterior  quartette.     With 
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Fig.  19.  —  Scolecolepis,  28-cell  stage,  from  left  side. 
Shaded  like  figures  of  Amphitrite. 


regard  to  the  origin  of  the  prototroch,  however,  it  must  be 
admitted  that,  according  to  von  Wistinghausen's  account,  this 
organ  is  formed  from  cells 
which  do  not  correspond  with 
any  of  the  trochoblasts  of 
other  annelids.  His  account 
places  us  in  the  same  predi- 
cament with  regard  to  the  ori- 
gin of  the  prototroch  as  with 
regard  to  the  origin  of  the 
primary  mesoblast  cell.  In 
respect  to  both,  if  the  account 
is  correct,  Nereis  Diimmerillii 
is  unique.  In  order  to  bring 
this  annelid  into  line  with  the 
others,  most  writers  on  cell- 
lineage  have  expressed  doubt, 
and  rightly  I  think,  as  to  the 
accuracy  of  the  account  in 
the  case  of  the  mesoblast.  The  origin  of  the  mesoblast  cell, 
however,  is  definitely  described  by  von  Wistinghausen,  while 

he  did  not  even  pretend  to 
w^ork  out  the  prototroch  cell 
by  cell.  So  we  may,  perhaps, 
be  permitted  at  least  to  sus- 
pend judgment  in  regard  to 
the  discrepancy  in  the  origin  of 
the  prototroch  in  this  species. 
In  those  annelids  in  which 
the  trochophore  is  still  farther 
suppressed,  and  which  undergo 
a  direct  development,  e.g.,  in 
Rhynchelniis  and  Clepsine,  the 
anterior  quartette  in  the  8-cell 
stage  is  still  farther  reduced. 
Fig.  22  is  from  an  unpublished 
drawing  of  Clepsine,  8-cell  stage,  given  me  by  Dr.  Whitman. 
We  may   say   in    general   of  all  the  forms  which  we  have 


Scolecolepis,  zS-cell  stage,  from 
anterior  end. 
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Fig.  21.  —  Nereis  Duiuiiierill ! i  (&lter  \on  Wisting- 
hauseii),  8-cell  stage,  from  anterior  end  ("  upper 
pole  "). 


reviewed,  that  when  the  cells  of  the  anterior  quartette  are  com- 
paratively large  and  divide  readily,  the  umbrella  is  large  and 
the  trochophore  active.     When,  on  the  other  hand,  the  cells 

of  the  anterior  quartette  are 
smaller  and  divide  less  rap- 
idly, the  umbrella  is  smaller 
and  the  trochophore  less 
active.  Lcpidonotiis,  AmpJii- 
tvitCy  NeTcis  li))ibata,  Cly- 
7)1  end  la,  Nereis  DnnuncriUii, 
R/iync/ieluiis,  and  CI ep  sine 
form  a  series  of  annelids  in 
which  there  is  a  gradual  de- 
crease in  the  relative  size  and 
karyokinetic  activity  of  the 
anterior  four  cells  and  a  cor- 
responding decrease  in  the 
size  of  the  umbrella  and  the 
activity  of  the  trochophore. 

To  sum  up  :  the  cell- 
origin  of  the  prototroch  has 
been  completely  worked  out 
in  three  annelids,  viz.,  in 
AnipJiitrite,  Clymenella,  and 
Arenicola,  which  represent 
three  distinct  families.  In 
all  three  the  origin  of  the 
prototroch  is  identical,  cell 
for  cell.  In  eight  genera  of 
annelids  zt'hich  represent  seven 
families,  the  whole  primary 
prototroch  is  formed  from 
identical  cleavage  cells,  the 
four  so-called  primary  trocJioblasts  of  the  l6-cell  stage  (Fig.  7), 
and  all  the  derivatives  of  these  four  cells  enter  into  its  forma- 
tion. These  genera  are  Lepidonotns,  Podarke,  Sthenelais, 
Hydroides,  AmpJiitrite,  Clymenella,  Arenieola,  and  Capitella. 
In    all    but    two   the    primary   prototroch    consists    of    sixteen 


Fig.  22.  —  Eight-cell  stage  of  Cle/>siiie .    Apical 

view  from  drawing  furnished  by  Dr.  Whitman. 
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cells  —  in  Hydroidcs  of  eight,  and  in  Capitclla  of  more  than 
sixteen.  Nereis  livibata  differs  from  these  forms  in  that 
four  of  the  sixteen  descendants  of  the  trochoblast  do  not 
enter  the  prototroch,  and  Nereis  Dinnmerillii  is  the  only 
annelid,  so  far  as  I  am  aware,  in  which  the  primary  proto- 
troch has  been  thought  to  arise  from  other  than  the  primary 
trochoblasts. 

Passing  now  to  other  representatives  of  the  branch  TrocJio- 
soa,  we  have  at  present  among  mollusks  more  or  less  complete 
accounts  of  the  cell-origin  of  the  velum,  in  Neritina  by  Bloch- 
mann,  in  Crepidti/a  by  Conklin,  in  Planorbis  by  Holmes  (prelimi- 
nary), and  in  IscJinochitoii  by  Heath  (as  yet  unpublished).  The 
most  elaborate  published  account  is  given  by  Conklin  in  his 
beautiful  work  on  the  gas- 
teropod  Crcpidula,  and  for 
this  reason  we  may  con- 
sider this  form   first. 

Crepidiila  lays  its  eggs 
in  capsules,  which  are  pro- 
tected under  the  shell  of 
the  animal.  In  two  species 
"  it  is  about  four  weeks 
from  the  time  the  ova  are 
laid  until  the  fully  formed 
escape  from  the  egg  cap- 
sules," and  probably  much 
longer  in  other  species. 
Hence  it  is  not  surprising 

that      the      velum      becomes    Fig.  23.  — Cr^/;V/?//tf,  i6-cell  stage,  shaded  like  previous 

figures,  viewed  from  anterior  end. 

functional  at  a  late  period 

compared  with  the  annelid  prototroch,  for  the  annelid  begins 

to  swim  usually  in  a  few  hours  after  fertilization. 

The  general  type  of  cleavage  in  Crepidula  is  the  same  as 
that  in  the  annelids.  Fig.  23  of  the  i6-cell  stage  of  Crepidula 
recalls  in  particular  the  same  stage  in  Scolecolepis,  whose  eggs 
are  protected  like  those  of  Crepid2ila.  In  both,  the  cells  of  the 
subumbrella,  or  posterior  hemisphere,  are  very  large  and  full  of 
yolk,  while  those  of  the  anterior  hemisphere  are  very  small  and 
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clear.  The  cells  which  correspond  to  the  primary  trochoblasts 
arc  the  smallest  of  all,  and  the  slowest  to  divide.  In  Crepidiila 
and  in  other  gasteropods  these  four  cells  are  known  as  "  turret- 
cells,"  but  for  the  sake  of  uniformity  in  this  paper  I  will  call 
them  primary  trochoblasts.  They  remain  undivided,  or  at  most 
divide  only  once  up  to  a  very  late  cleavage  stage.  During 
these  stages,  however,  they  undergo  a  remarkable  growth,  so 
that  finally,  instead  of  being  the  smallest,  they  are  the  largest 
cells  in  the  umbrella.  It  is  the  destiny  of  the  primary  trocho- 
blast,  however,  which  is  of  special  interest    to   us.      On  this 


Fig.  24.  —  Three  successive  stages,  representing  the  relative  position  of  derivatives  of  the  secondary 
trochoblast  q  r  s  t'va  several  forms.  Diagram  approaches  most  nearly  the  condition  seen  in 
Ainphitrite. 

point  Conklin  says  :  "  In  four  species  of  Crepidiila,  at  least  the 
two  anterior  ones  form  a  portion  of  the  preoral  velum  (proto- 
troch),  and  this  is  probably  true  of  the  two  posterior  ones  also." 
In  other  words,  the  primary  trochoblasts  in  Cirpidnla  have 
probably  the  same  destiny  as  those  of  the  eight  genera  of 
annelids  mentioned  on  page   130. 

We  may  now  consider  the  behavior  of  the  secondary  tro- 
choblasts in  Crepidula  —  those  three  cells  of  the  ideal  32-cell 
stage,  most  of  whose  descendants  in  AmpJiitrite,  Clymenella, 
and  Aj'enicola  complete  the  prototroch  by  filling  three  of  the 
gaps  between   its   separate   parts.      /;/  Crepidula  the  secondary 
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trocJioblasts  arise  in  exactly  the  same  maimer  as  in  the  annelids 
named,  and  most,  if  not  all,  of  their  descendants,  enter  into  the 
prototrocJi.  This  general  statement  should  be  qualified  by  an 
account  of  at  least  some  of  the  details  of  the  later  cleavasre. 
in  order  that  it  may  give  a  fair  idea  of  the  degree  of  resem- 
blance in  question.  For  this  purpose,  and  to  avoid  technical 
expressions,  we  will  make  free  use  of  diagrams  and  arbitrary 
symbols. 

The  secondary  trochoblast  in  each  of  the  three  quadrants 
lies  between  the  primary  prototroch  cells,  as  in  Diagram  24, 
which  is  from  AmpJiitrite  (compare  Figs.  8,  10,  and  12).  It  is 
represented  by  the  compound  symbol  qrst.  The  phenomena 
are  the  same  in  three  quadrants,  but  the  corresponding  cells 
in  the  fourth  quadrant  never  enter  the  prototroch.  In  both 
Amphitrite  and  Crepidula  each  trochoblast  q,  r,  s,  and  t  divides 
obliquely  in  the  same  manner  into  two  cells,  qr  and  st,  the 
former  lying  a  little  anterior  to  the  latter  (Fig.  24  B).  Later, 
in  both  animals,  each  of  these  two  cells  divides  in  the  reverse 
oblique  direction,  making  a  group  of  four  cells,  q,  r,  s,  t  (Fig. 
24  C).  In  the  annelid  q,  r,  and  s,  soon  after  their  formation, 
become  ciliated  and  form  a  part  of  the  prototroch  in  the  manner 
already  described,  while  /,  a  very  minute  cell,  does  not  do  so. 
In  Crepidula  q  and  r  enter  the  prototroch  ;  s  divides  also,  its 
upper  product  probably  entering  the  prototroch,  while  the 
lower  product  may  enter  it  or  may  not.  The  remaining  cell, 
/,  is  very  much  larger  than  in  AmpJiitrite,  and  at  least  part  of 
it  probably  enters  the  prototroch,  thus  giving  rise  to  the  only 
probable  discrepancy  in  the  destiny  of  all  the  descendants  of 
the  primary  and  secondary  trochoblasts  in  the  two  forms. 
What  the  significance  of  this  discrepancy  may  be,  I  will  not 
venture  to  say,  but  I  wish  to  call  attention  again  to  the  fact  that 
the  cell  /  in  Amphitrite  is  exceedingly  small,  does  not  divide 
for  a  long  time,  and  has  the  appearance  of  a  vestigial  cell. 

It  must  be  said  here  that  Conklin  thinks  it  possible,  although 
by  no  means  certain,  that  cells  other  than  the  trochoblasts  enter 
into  the  formation  of  the  velum,  and  in  respect  to  many  of 
the  cells  which  we  have  already  described  there  is  also  an 
element  of  uncertainty,  since  the  velum  of  Crepidula  does  not 
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become  functional  until  a  very  late  period  of  cleavage,  so  that 
it  is  almost  impossible  to  trace  its  cell-origin  accurately. 

Blochmann,  in  his  work  on  Xcritina,  was  able  to  trace  the 
descendants  of  two  cells  in  the  early  cleavage  into  the  velum. 
They  could  be  traced  the  more  readily  because  of  a  peculiar 
texture  which  distinguished  them  from  the  surrounding  cells. 
These  two  cells  in  Ncritina  correspond  precisely  to  the  two 
lateral  secondary  trochoblasts  of  AmpJiitrite  and  the  other 
annelids  and  Crcpidiila  (the  two  lateral  cells  shaded  with  lines 
in  Fig.  9).  The  primary  trochoblasts  of  Ncritina  are  also  dif- 
ferent from  the  surrounding  cells.  They  are  very  minute,  as 
in  Scolecolepis,  and  were  never  observed  by  Blochmann  to 
divide.  As  far  as  observations  go,  therefore,  Ncritina  falls  in 
line  with  the  other  forms  which  we  have  studied. 

Conklin  has  called  attention  to  the  altogether  characteristic 
appearance  of  the  primary  trochoblast,  not  only  in  Ncritina 
and  in  four  species  of  Crcpidiila  which  he  studied,  but  in 
Umbi'clla  (Heymons),  Urosalpynx,  and  Fiilgar.  In  all  it  is 
conspicuous  for  its  small  size,  and  does  not  divide  for  a 
comparatively  long  time. 

It  will  appear  from  Holmes's  preliminary  paper  that  the 
origin  of  the  velum  in  Planorbis  bears  a  remarkable  resem- 
blance to  that  of  the  annelids.  Planorbis  resembles  AvipJiitrite 
even  more  than  it  does  Crcpidiila  in  this  respect,  7'/^.,  the  primary 
trochoblasts  are  large  when  formed,  and  the  whole  prototroch 
becomes  functional  at  an  early  period.  With  regard  to  the 
cell-origin  of  the  prototroch  Holmes  says:  "The  prototroch  is 
formed  from  the  [primary]  trochoblasts  previously  mentioned, 
and  the  uppermost  cells  of  the  second  quartette  which  form  the 
tips  of  the  arms  of  the  cross  [secondary  trochoblasts,  q,  r,  s,  t, 
in  the  three  quadrants].  Possibly  other  cells  of  the  second 
quartette  may  take  part  in  this  formation  ;  it  is  certain  that  the 
third  quartette  has  no  share  in  the  process." 

I  am  greatly  indebted  to  Mr.  Harold  Heath  for  a  very  com- 
plete account  of  the  origin  of  the  prototroch  in  Ischnochiton, 
and  for  his  courtesy  in  allowing  me  to  use  his  discoveries 
in  this  paper.  The  four  primary  trochoblasts  are  formed  at 
the   i6-cell  stage,  exactly  as   in  Aniphitritc,  etc.,  etc.  (Fig.  7, 
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stippled  cells).  These  four  cells  divide  into  sixteen,  all  of 
which  enter  the  prototroch ;  so  far,  therefore,  the  resemblance 
is  complete.  The  secondary  trochoblast  also  arises  in  the 
32-cell  stage,  precisely  as  it  does  in  Ajnphitrite,  Clynicnclla,  and 
Arenicola  (Fig.  8,  cell  shaded  with  lines).  All  of  the  deriva- 
tives of  this  cell  enter  the  prototroch  in  IschnocJiiton,  and  all 
but  one  very  minute  cell  product  do  so  in  the  annelids  named 
(Figs.  10-12). 

The  essential  features  of  Heath's  account  can  be  most  effect- 
ively presented  by  means  of  diagrams.  Fig.  25  represents  a 
lateral  view  of  the  prototrochal  cells  of  one  side  in  three  stages 


Fig.  25.  —  Represents  trochoblast  as  seen  on  left  side  in  I schnochitan  (Heatli).  Three  stages  shaded 
like  previous  drawings.  Unshaded  cells  are  not  part  of  the  prototroch  in  the  other  forms 
examined.     See  p.  132. 


of  development,  and  the  various  cells  are  shaded  like  those  in 
Fig.  24  {Amphitritc).  Diagram  A,  Fig.  25,  shows  the  condition 
of  the  trochoblasts  at  about  the  32-cell  stage.  It  shows  two 
of  the  four  groups  of  primary  trochoblasts  (stippled),  each 
group  consisting  at  this  period  of  two  cells,  as  in  AmpJiitrite, 
etc.,  Figs.  8  and  24,  A.  Between  these  cells  lies  the  trocho- 
blast marked  q,  r,  s,  t.  The  clear  cell  marked  .ir  is  a  trochoblast, 
and  its  two  derivatives  in  each  quadrant  enter  the  prototroch, 
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as  may  be  seen  from  Diagram  C.  To  show  the  position  of  this 
cell  in  Aniphitritc,  I  have  marked  it  x  in  Fig,  10  in  one  quad- 
rant, and  in  each  of  the  four  quadrants  in  Fig.  11.  If  my 
observations  on  AvipJiitritc  and  Clymcnella  and  those  of  Child 
on  Arenicola  are  correct,  this  cell  does  not  enter  the  prototroch 
in  these  annelids.  However,  I  have  never  followed  its  career 
in  either  form,  except  in  the  posterior  quadrant,  and  here 
Heath  has  called  my  attention  to  the  fact  that  one  of  the 
derivatives  of  this  cell  in  AmpJiitrite  is  excessively  minute  (not 
as  large  as  a  polar  globule),  and  has  the  appearance,  therefore, 
of  a  "  vestigial  cell."  As  the  matter  stands  at  present,  this  is, 
I  believe,  the  first  important  well-sustained  discrepancy  in  the 
origin  of  the  prototroch,  in  all  the  Troc/iosoa  which  have  been 
studied,  and  for  this  reason  I  would  recommend  the  investiga- 
tion of  the  destiny  of  this  cell  in  the  annelids  as  a  fruitful 
problem  in  cell-lineage. 

Diagrams  B  and  C  in  Fig.  25  show  that  all  four  derivatives 
of  the  secondary  trochoblast  q,  r,  s,  and  t  enter  the  prototroch. 
This  is  true  in  three  quadrants.  It  will  be  recalled  that  in  the 
three  annelids  in  which  these  cells  are  known,  t  is  not  a  proto- 
trochal  cell,  but  is  minute  and  of  a  vestigial  appearance.  It  is 
shown  in  Figs.  11,  12,  and  24. 

The  cell  y  in  Fig.  25,  Diagram  B,  remains  to  be  discussed. 
It  divides  once,  and  the  two  daughter-cells  take  their  position 
in  the  prototroch,  as  seen  in  C.  This  cell  y,  like  the  cell  x, 
does  not  enter  the  prototroch  in  AmpJiitrite  (see  Fig.  ri), 
Clynienella,  and  Arenicola.  It  is  small  in  Aniphitrite,  but  not 
minute  enough  to  suggest  that  it  is  a  vestigial  cell,  though  one 
of  its  products  is  distinctly  of  this  appearance.  In  respect  to 
the  cells  y,  y',  t,  and  s,  however,  there  is  an  important  fact  to 
mention.  They  are,  as  far  as  could  be  observed,  not  ciliated, 
and  probably  serve.  Heath  suggests,  as  a  sort  of  supporting 
layer.  For  this  reason  it  may,  perhaps,  be  a  question 
whether  they  should  be  considered  part  of  the  prototroch. 
If  we  throw  them  out,  however,  there  arises  another  dis- 
crepancy between  this  prototroch  and  that  of  the  annelid, 
for  in  the  latter  the  cell  s  is  undoubtedly  a  part  of  the 
prototroch  and  is  ciliated. 
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For  the  sake  of  convenience  in  comparing  the  cell-origin  of 
the  prototroch  in  the  various  annelids  and  gasteropods  in  which 
it  has  been  investigated,  we  assumed  the  annelid  Ampliitritc  as 
the  type.  In  this  form  the  prototroch  arises  from  two  sources  : 
{a)  Four  cells,  primary  trochoblasts,  one  belonging  to  each 
quadrant  of  the  umbrella  hemisphere,  give  rise  to  a  functional 
"primary  prototroch,"  which  is  for  a  time  the  only  ciliated 
portion  of  the  larva.  The  four  cells  in  question  are  formed 
at  the  i6-cell  stage,  {b)  Three  cells,  secondary  trochoblasts, 
belonging  to  the  right,  left,  and  ventral  quadrants  of  the  subum- 
brella  hemisphere,  give  rise,  later,  to  the  rest  of  the  prototroch. 
These  three  cells  are  formed  at  the  32-cell  stage.  The  whole 
prototroch  is  at  first  interrupted  in  the  mid-dorsal  region,  but 
ultimately  grows  together. 

Almost  all  of  the  positive  evidence  furnished  by  the  compari- 
sons which  we  have  drawn  points,  I  believe,  to  the  conclusion, 
first,  that  the  component  cells  of  the  prototroch  are  homologous 
in  the  various  types  studied,  in  the  same  sense  as  are  the  com- 
ponent bones  in  the  skeleton  of  the  vertebrate  limb.  If  this 
conclusion  is  correct,  the  homology  of  the  whole  prototroch  is 
placed  on  a  firmer  basis,  and  the  evidence  of  the  relationship 
of  the  two  diverse  groups  of  the  TrocJiozoa  —  annelids  and 
mollusks — is  likewise  strengthened.  As  a  corollary  of  this 
conclusion,  it  would  appear  that,  since  certain  cells  form  the 
same  organ  under  environmental  conditions  which  are  unlike,  the 
environmental  factors  do  not  have  the  importance  in  directly 
shaping  development  which  is  sometimes  claimed  for  them. 

Some  of  the  evidence,  however,  seems  to  controvert  this 
conclusion.  I  refer  particularly  to  the  discrepancies  between 
Wilson's  account  of  Nereis  limbata  and  all  other  accounts  in 
regard  to  the  destiny  of  four  cells,  and  to  that  between  Heath's 
account  of  IsclmocJiiton  and  all  the  other  forms  in  regard  to  the 
destiny  of  four  or  more  cells. 

Considering  the  practical  difficulties,  we  may  say  with  regard 
to  the  value  of  different  observations  that  positive  evidence  that 
a  certain  cell  enters  the  prototroch  should  have  more  weight 
than  the  negative  evidence  that  it  does  not,  unless  a  different 
destiny  for  the  cell  is  established  in  the  latter  instance. 
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A  re-investigation  of  the  prototroch  focussed  upon  these  dis- 
crepancies would  be  of  great  value  in  determining  the  trend  of 
the  whole  mass  of  evidence,  whether  it  is  for  or  against  the 
doctrines  of  the  homology  of  cleavage  cells,  of  the  significance 
of  cleavage  as  a  factor  in  differentiation,  and  of  the  preorgani- 
zation  of  the  egg  itself. 
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THE    EFFECTS    OF    CHEMICAL    AND    PHYSICAL 

INFLUENCES    ON    THE  DEVELOPMENT 

OF    THE    EMBRYO.* 


Forty-two  years  ago  a  series  of  lectures  was  being  delivered 
before  the  Pathological  Institute  of  the  University  of  Berlin 
by  Rudolf  Virchow,  a  man  pre-eminently  distinguished  in  your 
fraternity,  but  one  to  whom  biologists  are  also  greatly 
indebted.  The  chief  object  of  the  lectures,  illustrated  as 
they  were  by  an  extensive  series  of  microscopic  preparations, 
was,  to  use  Virchow's  words,  "  to  furnish  a  clear  and  con- 
nected explanation  of  those  facts  upon  which,  according  to 
my  ideas  the  theory  of  life  is  now  based,  and  out  of  which 
the  science  of  pathology  has  now  to  be  constructed."  '' They 
were  more  particularly  intended  to  offer  in  a  better  arranged 
form  than  has  hitherto  been  done  a  view  of  the  cellular  nature 
of  all  vital  processes,  both  physiological  and  pathological, 
animal  and  vegetable,  so  as  distinctly  to  set  forth  what  even 
the  laity  have  long  been  dimly  conscious  of,  namely :  the 
unity  of  life  in  all  organized  beings  in  opposition  to  the  one- 
sided humoral  and  neuristical  (solidistic)  tendencies  which 
have  been  transmitted  from  the  mythical  days  of  antiquity 
to  our  o^^^l  time  :  and  to  contrast  with  the  equally  one- 
sided interpretation  of  a  grossly  mechanical  and  chemical 
bias  the  more  delicate  mechanism  and  chemistry  of  the  cell.'''' 

It  was  in  these  lectures  that  Virchow  so  strongly  advo- 
cated what  lie  was  pleased  to  call  the  eternal  law  of  con- 
tinuous development  of  all  livmg  things  whether  they  be 
entire  organisms  or  elementary  parts.     He  denied  the  pos- 
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sibility  that  cells  might  arise  spontaneously  from  a  ground 
substance,  the  eytohJastema.  "  Where  a  cell  arises,"  he  says, 
"  there  a  cell  must  have  previousl}"  existed  {omnis  cellnlai' 
ceUida^,  just  as  an  animal  can  spring  only  from  an  animal,  a 
plant  from  a  plant.*'  "  Even  in  pathology  we  can  now  go  so 
far  as  to  establish  as  a  general  principle  that  no  development 
of  any  kind  begins  de  novo,  and  consequently  as  to  reject  the 
theory  of  equivocal  (spontaneous)  generation  just  as  much 
in  the  history  of  the  development  of  individual  parts  as  we 
do  in  that  of  entire  organisms." 

Subsequent  investigation  has  substantiated  ^"irchow's 
thesis,  and  the  study  of  embryology,  as  well  as  that  of  })ath- 
ology  and  of  histology,  has  been  pursued  from  tlie  cell  stand- 
point as  revised  by  Virchow. 

Three  years  later,  in  1861,  Gegenbaur  showed  that  the 
ovum  even  of  the  hen's  egg  was  a  single  cell  —  itself  derived 
on  Virchow's  formula  from  a  preceding  cell  in  the  parent 
body,  and  giving  rise  by  successive  cell  divisions  to  all 
the  organs  and  tissues  of  the  offspring.  That  the  successive 
stages  in  the  development  of  the  embryo  simulated  the  adult 
form  of  animals  lower  in  the  scale  of  life  had  ah-eady  been 
formulated  as  a  "law."  Also,  at  this  time,  Darwin  was 
demonstrating  to  the  world  the  actual  genetic  relationship 
of  all  animals  which  have  lived  and  are  living.  No  wonder 
then  that  the  embryologist  now  th(Hight  that  he  held  the 
key  which  would  unlock  the  mj'steries  of  the  history  of  hfe 
upon  the  globe  from  the  earliest  times  to  the  present,  and 
that  for  the  next  twenty  years  every  effort  was  bent  in  this 
direction  I  To  Haeckel  the  human  unsegmented  ovum  was 
the  epitome  of  man's  protozoan  ancestor,  the  gastrula  repre- 
sented the  jelly  fish  stage,  and  the  gill  clefts  of  the  embryo 
revealed  man's  relation  to  the  fishes.  In  part  this  may  be 
true ;  in  general  it  may  be  said,  however,  that  the  aggre- 
gate work  of  the  embr^'ologists  during  those  two  decades  or 
more  resulted  to  a  certain  degree  in  a  tragic  disenchantment. 
The  embryonic  development  has  been  worked  out  in  a  great 
many  animals  and  unquestionably  it  gives  the  clue  to  many 
relationships,  but  yet  as  a  precise  epitome  of  the  historical 
record  it  is  veiled  by  secondary  and  confusing  modifications. 

Balked  in  the  attempt  to  reveal  the  exact  history  of  life, 
the  ambition  of  the  embryologist  has,  during  the  last  few 
years,  turned  in  another  direction,  namely,   toward  an    ex- 
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planatiou  of  the  immediate  processes  of  growth  and  differ- 
entiation, with  regard  not  to  the  historical  significance  but  to 
the  modu8  operandi  of  embryonic  development. 

This  new  phase  of  embr3'ology  has  been  termed  develop- 
mental mechanics.  The  general  problem  is  this  :  Are  the 
successive  steps  in  the  development  of  the  embryo,  up  to  its 
specific  adult  form,  pre-determined  by  an  organization  in  the 
egg  itself ;  or  is  the  ovum  a  cell  without  an  organization,  an 
isotropic  cell,  whose  development  step  by  step  is  controlled 
by  chemical  and  physical  conditions  ? 

Whichever  alternative  one  may  be  inclined  to  accept,  the 
cell  point  of  view  gives  a  closer  insight  into  the  phenomena 
of  development.  The  formation  of  the  line  of  the  eye,  the 
formation  of  the  brain,  lungs,  liver  or  intestinal  canal  finds  ex- 
pression in  terms  of  the  uneven  and  peculiar  growth  of  cells. 
And  so  we  may  ask :  Are  the  form  giving  peculiarities  of 
the  growth  and  behavior  of  cells  controlled  by  physical  and 
chemical  hifluences  ?  It  is  the  purpose  of  this  paper  to  bring- 
together  some  old  and  new  observations  winch  bear  on  the 
affirmative  side  of  this  question.  A  familiar  example  of  the 
influence  of  mechanical  conditions  on  cell  division  is  the  fact 
that  impact  and  friction  on  the  palms  of  the  hands  induce  a 
rapid  proliferation.  Again,  if  the  production  of  chemical 
substances  (internal  secretion)  is  prohibited  by  the  early 
removal  of  the  sexual  organs,  the  profound  modifications 
which  normally  occur  in  the  subsequent  development  of 
certain  structures  of  the  throat  and  head  are  prevented.  You 
may,  perhaps,  question  the  relevance  of  these  illustrations, 
but  it  must  be  borne  in  mind  that  birth  or  hatching  marks 
no  particular  stage  in  embryonic  development,  for  some 
embryos  are  hatched  or  born  before  the  egg  is  fertilized,  or.  if 
you  please,  are  never  hatched  or  born,  while  others  shuffle 
off  the  fetal  coil  at  some  time  from  a  week  to  two  years  after 
the  individual  life  begins. 

The  problem  of  the  origin  of  sex  furnishes  good  material 
for  the  study  of  developmental  mechanics.  From  ver}'  early 
stages  the  development  of  the  individuals  of  the  tw'o  sexes 
proceeds  along  diverging  courses,  so  that  frequently,  as  in 
birds  and  insects,  the  adult  male  and  female  of  the  same 
species  resemble  each  other  less  than  do  individuals  of  dif- 
ferent species  or  even  of  dift'erent  genera.  Even  m  man  the 
differences  are  not  inconsiderable.  Is  the  sex  of  an  indivi- 
dual determined  by  physical  or  chemical  conditions  ? 


1^4 

Yoiiv  esteemed  colleague,  Dr.  Sclienk  of  Vienna,  has  re- 
cently aroused  in  regard  to  tliis  problem  a  glow  of  popular 
expectation  if  not  of  professional  interest.  It  has  not  been 
my  fortune  to  have  access  to  Dr.  Schenk's  book  and  I  am  less 
familiar  with  the  details  of  his  experiment  than  you  are,  but 
I  believe  that  his  o-eneral  conclusion  was  that  the  esfSf  will 
develop  into  a  female  when  the  parent  is  richly  nourished 
with  starch  and  sugar. 

Whether  Dr.  Schenk  be  right  or  wrong  the  researches  of 
several  other  investigators  leave  no  reasonable  doubt  tliatthe 
sex  of  many  animals  can  be  controlled  by  the  early  applica- 
tion of  physical  and  chemical  agents.  The  French  investi- 
gator ^Nlaupas  has  shown  that  the  sex  of  one  of  the  species 
of  rotifers  ( Hydatina)  can  be  determined  with  a  great  degree 
of  accuracy  by  subjecting  the  female  parent  to  different  tem- 
peratures while  the  eggs  are  being  formed  in  the  germaria. 
After  this  the  character  of  the  development  cannot  be 
altered  by  food,  light  or  temperature.  In  one  brood  of  ten 
females,  five  were  kept  at  a  temperature  of  twenty-six  to 
twenty-eight  degrees  C,  and  ninety-seven  per  cent,  of  the 
eggs  developed  into  males.  The  other  five  were  kept  at  a 
temperature  of  fourteen  to  fifteen  degrees  C,  and  only  five 
per  cent,  developed  into  males.  You  will  also  recollect  the 
classic  experiments  of  Yung  on  tadpoles.  AYhen  left  to 
themselves  fifty-six  per  cent,  of  the  tadpoles  developed 
females :  when  stuffed  with  highly  nutritious  food  ninety- 
two  per  cent,  developed  into  females.  In  these  and  other 
similar  experiments  it  would,  therefore,  appear  that  the  whole 
course  of  development  may  be  directed  into  this  path  or 
that  through  the  influence  of  external  conditions. 

Another  class  of  modifications  in  the  embryonic  develop- 
ment which  requires  explanation  is  the  folio Aving:  Not  infre- 
quently there  are  born  among  the  low  animals,  as  well  as  in 
man,  individuals  of  unusual  form  —  abnormalities  —  freaks 
of  nature  —  monsters.  Are  these  abnormalities  stigmata 
imposed  by  the  parents  upon  the  offspring  and  inherent  in 
the  very  organization  of  the  germinal  substance,  or  are  they 
tlie  results  of  unusual  physical  and  chemical  influences 
exerted  upon  the  egg  or  upon  the  growing  embryo  ?  The 
study  of  developmental  mechanics  has  thro.wn  at  least  a 
beam  of  light  upon  this  question.  The  condition  of  spina 
l)ifida  for  example  is  occasionally  found  in  the  embryos  of 
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frogs.  Experimenting  with  these  animals  Prof.  Hertwig  of 
Berlin  fonnd  that  wlien  the  eggs  were  allowed  to  become 
over-ripe  before  they  were  fertilized  (the  female  frogs  being 
separated  from  the  males  for  a  time)  they  would  frequently 
develop  into  embryos  with  spina  bifida.  The  significance  of 
this  observation  was  enhanced  when  about  two  years  later 
Roux  oljserved  that  the  peculiar  mutual  attraction  which  he 
discovered  between  the  living  cells  of  the  early  embryo  was 
diminished  in  those  embryos  developed  from  over-ripe  eggs. 
Later  another  observer  demonstrated  that  embryos  with  spina 
bifida  could  readily  be  obtained  from  normal  eggs  and  by  two 
different  methods,  the  one  chemical,  the  other  plnsical.  If 
the  segmentmg  eggs  be  placed  in  water  containing  0.6  per 
cent,  sodium  chloride  a  spina  bifida  results.  In  the  egg  of 
the  frog,  as  in  that  of  the  bu-d  and  mammal,  the  rudiments 
of  the  right  and  left  halves  of  the  trunk  at  first  are  separate 
and  later  meet  in  the  middle  line  and  grow  together.  This 
process  of  concrescence  is  mliibited  in  the  embryos  subjected 
to  the  salt  solution  :  each  half  develops  separately,  and  hence 
the  spina  bifida.  The  other  method  of  producing  tliis  condi- 
tion was  that  of  injuring  with  a  needle  that  part  of  the 
embryo  where  the  rudiments  of  the  trunk  first  meet. 

Another  series  of  most  profound  modifications  of  embryonic 
development  lias  been  produced  by  both  chemical  and  physi- 
cal influences,  namely :  the  production,  from  a  single  normal 
ovum,  of  double  monsters,  twins  and  even  whole  litters  of 
embryos.  You  will  recall  that  among  the  earliest  phases  of 
development  is  the  di^dsion  of  the  egg  cell  (ovum)  into  two 
cells:  thence  it  divides  into  four,  eight,  and  so  on  with  vary- 
ing degrees  of  regularity  up  to  many  millions.  A  very  neat 
experiment  has  been  performed  upon  the  frog's  egg  by  Oscar. 
Schulze.  In  nature  this  egg  is  always  right  side  up,  being 
heavily  ballasted  with  yolk.  ]Moreover,  of  the  first  two  cells, 
one  normally  develops  into  the  right  half  of  the  tadpole,  the 
other  into  the  left  half.  Schulze  took  the  egg  just  as  it  was 
going  mto  the  two-celled  condition,  and  by  an  ingenious  con- 
trivance inverted  it  and  held  it  bottom  side  up.  The  aston- 
ishing result  was  that  each  of  the  two  cells,  instead  of  de- 
veloping mto  its  appropriate  half  of  the  embryo,  developed 
into  a  whole  embryo  ;  and  from  one  egg,  therefore,  two  tad- 
poles arose  attached  to  each  other  like  Siamese  twins. 

The  eggs  of  some  other  animals  lend  themselves  to  experi- 
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inent  more  readily  than  do  those  of  tlie  frog,  from  the  fact 
that  the  cells  into  M'liich  the  ovum  is  at  first  divided  are  not 
so  closely  pressed  together.  Such  an  animal  is  the  primitive 
iish-like  marine  A'ertebrate  (Amphioxus).  When  the  egg  is 
in  the  two-cell  stage  the  cells  are  easily  separated  by  simply 
shaking  the  eggs  in  a  vial  of  sea  water.  Each  separated  cell 
develops  into  an  embrjo  of  one-half  normal  size,  but  appar- 
ently normal  in  ever}'  other  respect.  From  one  egg,  by 
mechanical  interference,  separate  twins  may  be  derived 
instead  of  a  single  individual.  Four  embryos,  indeed,  have 
been  ol)tained  from  a  single  egg  by  the  same  method,  that  is 
to  say,  by  shaking  apart  the  first  four  cells. 

Another  ingenious  experiment  was  contrived  by  Dr.  Loeb 
of  the  University  of  Chicago,  whereby  he  succeeded  in  pro- 
ducing twins  from  the  unsegmented  egg  of  the  sea  urchin  by 
the  simple  expedient  of  adding  a  little  fresh  water  to  the  sea 
water  in  which  the  egg  lay.  After  artificially  fertilizing  the 
egg  the  fresh  water  was  added.  The  protoplasm  absorbed 
the  water  to  such  an  extent  that  it  burst  the  egg  membrane 
and  a  part  flowed  out  through  the  rupture.  The  portion  of 
the  protoplasm  which  was  extruded  developed  into  one 
embryo,  and  that  remaining  within  the  membrane  into 
another.  The  two  remain  attached  in  most  cases,  sometimes 
in  one  wa}'  and  sometimes  in  another. 

Such  experiments  as  we  have  briefly  sketched  indicate 
clearly  that  the  embryo  may  be  directed  into  one  course  or 
another  and  profoundh'  modified  through  the  influence  of 
physical  and  chemical  agents.  They  furthermore  lead  na- 
turally to  the  query :  What  gives  to  the  ovum  in  the  first 
place  its  sudden  remarkable  energy  of  growth  and  develop- 
ment? It  seems  to  be  a  well-established  fact  that  the  human 
ovum  may  remain  in  the  ovary  for  twenty,  thirty  or  even 
forty  years  without  once  dividing,  and  then  when  fertilized^ 
it  begins  a  new  cycle  of  divisions  which  result  in  the  mil- 
lions of  cells  in  the  adult  organism.  A  similar  phenomenon 
occurs  in  other  animals  though  the  latent  period  may  not  be 
so  long. 

Three  years  ago  I  was  led  to  the  consideration  of  this 
problem  while  studying  the  fertilization  processes  of  one  of 
the  marine  annelids.  Here  also  the  eggs  remain  in  the  body 
cavit}'  of  the  mother  for  several  days  at  least  after  the}"  are 
all  ready  to  develop  if  fertilized.      When  at  any  time  some 
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of  these  eggs  are  taken  out  and  artificially  fertilized,  within 
an  hour  they  begin  to  segment  and  in  about  four  or  five 
hours  they  swim  about  in  the  water.  Now  between  the 
condition  of  the  egg  in  the  body  cavity  and  the  first  actual 
segmentation  stages  there  intervenes  quite  an  extensive  series 
of  changes,  mcluding  two  cell-divisions  (maturation  divisions) 
wliich  are  accomplished  with  the  utmost  precision  by  every 
egg  which  develops.  But  these  changes  will  not  take  place 
until  the  spermatozoon  enters  the  egg  and  the  minute  it  does 
enter  they  commence.  From  certain  theoretical  considera- 
tions I  was  led  to  believe  that  the  spermatozoon  started  up 
these  processes,  not  by  conveying  into  the  egg  a  new  meclian- 
ism  for  division,  but  b}'  stimulating  the  mechanism 
already  there.  This  mechanism,  there  was  reason  to 
believe,  was  the  same  m  kind  as  that  which  is  concerned  in 
the  protoplasmic  contraction  of  a  muscle  fibre.  At  this 
juncture  a  friend  suggested  that  I  try  the  effect  of  a  little 
KCl,  MgCl  or  CaCl,  as  these  salts  would  stimulate  the 
rhythmical  contraction  of  an  isolated  portion  of  a  turtle's 
heart  that  had  stopped  beating  for  seventj'-two  hours.  In 
putting  a  small  amount  of  KCl  into  the  water  the  eggs  went 
through  these  various  stages  with  all  the  precision  and  detail 
of  fertilized  eggs,  so  that  this  chemical  stimulus  produced 
exactlv  the  same  effect  as  the  spermatozoon  through  this 
portion  of  the  development.  The  eggs,  however,  did  not 
develop  into  embryos. 

During  the  past  summer  Loeb  has  conducted  some  similar 
experiments  with  much  more  remarkable  results. 

According  to  his  account,  when  unfertilized  sea-urchin 
eggs  are  brought  into  a  mixture  of  equal  parts  sea-water  and 
ten-eighths  normal  solution  of  MgCl.  they  not  only  undergo 
the  preliminary  stages  but  actuall}'  develop  into  embryos 
with  all  the  characters  of  those  derived  from  fertilized  eggs. 
During  the  Christmas  Session  of  the  American  Society 
of  Naturahsts  at  New  Haven,  word  was  received  from  the 
Zoological  station  at  Naples  that  Loeb's  experiments  had 
been  successfully  repeated. 

The  newspaper  accounts  of  Loeb's  experiments  has  given 
rise  to  a  popular  misconception  of  their  significance,  for  it 
was  announced  in  glorious  headlines  that  at  last  life  had  been 
<?reated  by  chemical  means. 

The  object  of  this  paper  is  to  bring  before  you  some  exam- 
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pies  of  the  effect  of  chemical  or  physical  influences  upon  the 
development  of  the  embryo,  and  in  the  endeavor  to  do  this  I 
have  treated  the  general  problem  of  development  mechanics 
in  a  one-sided  manner.  It  is  an  obvious  conclusion  that  these 
external  influences  are  potent  factors  in  diverting-  the  de- 
velopment into  one  course  or  another  and  in  bringing  about 
other  profound  modifications.  Yet  I  cannot  conclude  this 
paper  without  the  remark  that,  after  all,  the  most  remark- 
able and  impressive  feature  of  embryonic  development  is  the 
ingenuity  and  persistency  displayed  by  the  organism  in 
striving  to  reproduce  the  form  and  characters  of  its  parent. 
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In  a  study  of  the  components  of  the  cranial  nerves  of 
Amblystoma  I  have  found  very  suggestive  relations  existing 
between  the  ramus  ophthalmicus  profundus  V  and  the  ramus 
palatinus  VII.  This  observation  has  led  me  to  review  the 
conditions  generally  described  in  Amphibia,  and  to  my  own 
mind  the  Amblystoma  is  extremely  helpful  in  interpreting  the 
relations  between  certain  rami  of  the  fifth  nerve  in  Urodela  on 
the  one  hand  and  the  Anura  on  the  other. 

My  observations  upon  Amblystoma  tigrinum  have  been 
made  from  serial  sections  of  the  heads  of  larvae  of  different  ages 
and  of  the  adult  head  also.  The  series  were  cut  transversely 
ten  micra  thick,  and  in  both  planes  longitudinally.  Those  of 
the  larva  were  hardened  in  Flemming's  stronger  solution,  di- 
luted in  some  cases,  and  stained  on  the  slide  after  Weigert. 
The  adult  head  was  stained  in  toto  according  to  vom  Rath.  For 
comparison  I  have  made  also  a  series,  cut  transversely,  of  the 
head  of  a  larva  of  Rana  at  a  stage  some  time  previous  to  the 
appearance  of  the  hind  limbs.  This  series  is  absolutely  con- 
tinuous through  the  region  in  question  and  is  satisfactorily 
stained  with  the  Weigert  method  after  fixation  of  Flemming's 
stronger  solution.  Jt  has  enabled  me  to  t>upplement  Strong's 
description  of  the  "accessory  rami"  of  the  trigeminus  and  to 
show  their  relation  to  certain  nerves  in  Amblystoma. 

In  Amblystoma  the  lateral  line  ganglion  of  the  seventh 
nerve,  associated  with  the  Gasserian  ganglion,  is  microscopically 
distinguishable  from  the  latter.  It  gives  off  two  rami  which 
arise  in  close  contact  with  one  another  from  the  most  dorsal 
portion  of  the   common    ganglionic   mass.      In  the   adult   these 
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nerves  arise  wholly  separate  from  any  branch  of  the  Gasserian 
ganglion,  and  are,  therefore,  in  their  proximal  portions  purely 
lateral  line  nerves.  In  some  larval  heads  I  have  examined, 
these  nerves  are  more  obscure  in  their  relations  than  I  find  them 
in  the  adult. 

One  of  these  lateral  line  nerves  is  the  superficial  ophthalmic 
VII  (Fig.  4,  OS).  It  passes  laterad  out  of  the  cranium  in  com- 
pany with  other  branches  from  the  Gasserian  and  lateral  line 
ganglion,  between  the  muscles  masseter  and  temporalis,  then 
meso-cephalad  subcutaneously  mesal  of  the  eye.  It  innervates 
the  supraorbital  lateral  line  organs.  It  is  intimately  associated 
with  a  twig  from  the  opthalmicus  profundus  V  over  the  nasal 
septum,  but  in  no  case  have  I  found  a  true  anastomosis  between 
these  nerves.  The  ophthalmicus  superficialis  VII  is,  therefore, 
a  purely  lateral  line  nerve  throughout. 

The  other  nerve  issuing  from  the  lateral  line  ganglion  in 
close  relation  with  the  superficial  ophthalmic  is  the  ramus  buc- 
calis  VII.  It  at  first  follows  a  course  ventral  of  the  superficial 
ophthalmic  VII,  and  as  it  passes  out  of  the  cranium  fuses  with 
a  general  cutaneous  nerve  from  the  Gasserian  ganglion  (Fig.  4, 
b).      The  resulting  nerve  will  be  discussed  blow. 

The  dorso-lateral  portion  of  the  Gasserian  ganglion  gives 
rise  to  the  ramus  mandibularis  V,  which,  farther  than  its  origin 
from  the  ganglion  and  its  relation  to  the  nerve  w^iich  joins  the 
buccal  VII,  has  no  bearing  on  the  present  discussion. 

From  the  ventral  portion  of  the  Gasserian  ganglion  the 
ophthalmicus  profundus  V  passes  directly  cephalad,  and,  after 
giving  off  numerous  branches  of  no  special  significance  here, 
divides  in  the  region  of  the  optic  nerve  into  three  terminal 
branches.  These  nerves  I  designate,  for  purposes  of  this  dis- 
cussion, as  the  lateral,  mesal  and  ventral  terminal  branches  of 
the  opthalmicus  profundus  V  (Fig.   i,  ol,  oin,  ov). 

The  mesal  terminal  branch  of  the  ophthalmicus  profundus 
(Fig.  I,  om)  inclines  mesad  to  a  position  dorsal  of  the  muscle 
obliqiius  superior  and  mesal  of  the  olfactory  epithelium,  near 
the  dorsal  wall  of  the  olfactory  capsule.  Within  the  capsule 
it  gives  off  several   twigs  which  penetrate   the  roof  of  the  cap- 
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sule  and  are  distributed  to  the  skin  dorsal  of  the  latter  and  near 
the  tip  of  the  snout.  The  terminal  twigs  of  the  mesal  nerve 
ultimately  reach  the  skin  aiesal  of  the  external  nares. 

The  lateral  terminal  brarlch  (Fig.  i,  ol)  sends  a  twig  to  the 
anterior  canthus  of  the  eye,  and  innervates  the  skin  anterior, 
not  ventral,  of  this  point.  In  one  case  I  have  observed  a 
twig  from  this  nerve  anastomosing  with  a  twig  from  the  mesal 
terminal  branch  of  the  ophthalmic,  and  the  resulting  nerve  go- 
ing to  the  skin  lateral  of  the  external  nares.  Terminal  twigs 
of  the  ophthalmic  always  innervate  the  region  traversed  by  the 
buccalis  VII,  but  they  never  enter  the  area  innervated  by  the 
general  cutaneous  nerve  which  accompanies  the  buccal  prox- 
imally. 

The  ventral  terminal  branch  of  the  ophthalmic  (Fig.  i,  oi>) 
passes  ventral  of  the  olfactory  epithelium  into  the  region  of  the 
palatinus  VII  which  approaches  it  near  the  caudal  aspect  of  the 
internal  nares.  As  the  two  nerves  approach  each  other  both 
divide  (Fig.  i,  p,  o).  One  division  of  the  ventral  ophthalmic 
branch  fuses  with  the  lateral  division  of  the  palatine  (Jp)  and 
passes  laterad  immediately  caudal  of  the  internal  nares  (;/). 
A  part  of  the  resulting  nerve  inclines  caudad,  and  the  remainder 
turns  cephalad  along  the  lateral  aspect  of  the  internal  nares  and 
innervates  the  region  lateral  and  anterior  of  this  point.  The 
other  division  of  the  ventral  ophthalmic  branch,  in  close  rela- 
tion with  the  mesal  division  of  the  palatine,  passes  cephalad 
along  the  mesal  aspect  of  the  internal  nares  (Figs,  i,  4D,  mp). 
The  two  nerves  soon  fuse  and  the  resulting  nerve  innervates 
the  region  anterior  of  the  vomers. 

The  remaining  nerve  (Fig.  4 A,  ac)  which  concerns  this 
discussion  is  that  branch  of  the  fifth  nerve  which  arises  from 
the  dorso-mesal  portion  of  the  Gasserian  ganglion  and  mesal 
of  the  origin  of  the  mandibularis  {in).  It  is  a  nerve  of  about 
the  same  magnitude  as  the  buccalis  VII  with  which  it  fuses  as 
it  emerges  from  the  cranium.  The  resulting  nerve  passes  laterad 
ventral  of  the  ophthalmicus  superficialis  VII,  and  turns  ceph- 
alad around  the  •  border  of  the  temporalis  muscle  to  a  position 
ventral  of  the  eye.      Near  its  flexure  about  the   muscle  it  sends 
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off  to  the  skin  of  the  vicinity  a  large  twig  composed  of  lateral 
line  and  general  cutaneous  fibers.  Near  this  point  also  the 
nerve  frequently  separates  into  several  bundles  of  fibers  which 
unite  again  into  a  common  trunk.  Other  twigs  of  varied  com- 
position are  given  off  in  this  vicinity,  but  a  general  cutaneous 
twig  to  the  region  immediately  posterior  of  the  eye  and  another 
of  the  same  composition  to  the  under  eyelid  seem  to  be 
constant. 

Near  the  caudal  region  of  the  eye  this  nerve  divides  into  a 
general  cutaneous  nerve  (Fig.  4C,  ac)  which  innervates  the  lip 
anterior  and  ventral  of  the  eye,  and  a  lateral  line  nerve  {U) 
which  innervates  the  line  of  organs  passing  ventral  of  the  eye 
and  around  the  border  of  the  snout.  This  nerve  is  the  buccalis 
VII.  It  seems  to  me  certain  that  there  is  at  this  point  of  divis- 
ion a  complete  separation  of  the  general  cutaneous  from  the 
acustico-lateral  component. 

In  the  larva  of  Rana  we  find  the  ophthalmicus  superficialis 
VII  holding  practically  the  same  relation  to  the  ganglion  and 
to  the  other  nerves  proximally  as  described  for  Amblystoma, 
but  it  passes  more  directly  cephalad  in  Rana  and  becomes  sep- 
arated from  the  other  rami  much  sooner  than  in  Amblystoma 
(Fig.  3,  OS).  The  ramus  buccalis  VII,  however,  passes  around 
the  anterior  border  of  the  ear  capsule  in  company  with  the  rami 
from  the  Gasserian  ganglion  in  essentially  the  same  relation  to 
them  as  the  buccalis  holds  to  the  corresponding  nerves  in  Am- 
blystoma. And,  like  the  buccalis  of  Amblystoma,  the  buccalis 
of  Rana  soon  fuses  with  a  general  cutaneous  nerve  from  the 
Gasserian  ganglion  (Fig.  3,  b,  ac).  The  further  course  of  the 
nerve  will  be  considered  below. 

Arising  from  the  latero-dorsal  region  of  the  Gasserian  gan- 
glion in  Rana  we  find  the  maxillo-mandibularis  instead  of  the 
mandibularis  as  in  Amblystoma,  and  from  this  the  maxillaris 
nerve  arises  at  the  transverse  level  of  the  eye  (Figs.  2,  3,  iw, 
inx).  The  maxillaris  gives  off  a  branch  ventrally  (Fig.  2,  i/ixc) 
which  anastomoses  with  the  lateral  division  of  the  palatinus  VII 
(Fig.  2,  ip)  in  the  roof  of  the  mouth  near  the  postero-lateral 
aspect  of  the  internal  nares  (n).     The  resulting  nerve  continues 
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cephalad  along  the  lateral  aspect  of  the  internal  nares  (Fig.  3D, 
x)  and  is  distributed  to  the  antero-lateral  areas  of  the  roof  of 
the  mouth.  The  remainder  of  the  maxillaris  trunk  continues 
its  course  cephalad  wholly  lateral  of  the  olfactory  epithelium 
and  is  distributed  to  the  skin  between  the  eye  and  the  external 
nares  (Fig.  3D,  fnx).  I  can  find  no  fibers  of  the  maxillaris  go- 
ing to  the  eyelids.  The  region  innervated  by  the  nerve  corres- 
ponds with  a  part  of  the  region  innervated  in  Amblystoma  by 
the  lateral  terminal  branch  of  the  ophthalmicus  profundus  (Fig. 
4D,  ol).  Moreover,  the  oral  region  innervated  by  the  maxillaris 
through  anastomosis  with  the  lateral  division  of  the  palatinus 
VII  corresponds  with  the  oral  region  innervated  in  Amblystoma 
by  a  part  of  the  ventral  terminal  branch  of  the  ophthalmicus 
through  anastomosis  with  the  lateral  division  of  the  palatine. 

In  perfect  accord  with  the  facts  just  cited  we  find  that  in 
the  larva  of  Rana  the  ophthalmicus  profundus  V,  in  its  origin 
like  that  of  Amblystoma,  after  giving  off  several  sensory  and 
motor  twigs,  breaks  up  into  two  terminal  branches,  the  lateralis 
narium  to  the  skin  immediately  caudal  of  the  external  nares, 
and  the  medialis  narium  which  passes  dorsal  of  the  olfactory 
epithelium  and  sends  a  branch,  the  ramus  communicans  cum  N. 
palatine,  ventrad  to  anastomose  with  the  mesal  division  of  the 
palatinus  VII  which  approaches  it  from  along  the  mesal  aspect 
of  the  internal  nares  (Figs.  2,  3,  ?;//).  By  this  anastomosis  the 
oral  region  is  innervated  which  corresponds  to  the  region  inner- 
vated in  Amblystoma  by  a  part  of  the  ventral  terminal  branch 
of  the  ophthalmicus  profundus  through  anastomosis  with  the 
mesal  division  of  the  palatinus  VII. 

Reviewing  from  another  standpoint  the  conditions  just  de- 
scribed, we  see  that  the  ramus  palatinus  VII  in  both  Rana  and 
Amblystoma  forms  into  two  terminal  branches,  one  of  which 
passes  on  either  side  of  the  internal  nares  (uip,  Ip).  In  Ambly- 
stoma both  of  these  branches  anastomose  with  the  ophthalmicus 
profundus  while  in  Rana  the  mesal  division  anastomoses  with 
the  ophthalmic  and  the  lateral  division  with  the  maxillaris  V. 
Within  the  oral  cavity,  therefore,  the  function  of  the  maxillaris 
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V  of  Rana  is  performed  in  Amblystoma  by  the  ophthalmicus 
profundus. 

In  the  Hght  of  these  facts  it  becomes  impossible  to  homol- 
ogize  the  ventral  terminal  branch  of  the  ophthalmicus  profundus 
in  Amblystoma  with  the  ramus  communicans  cum  N.  palatino 
in  Rana.  The  former  nerve  is  the  equivalent  of  two  nerves  in 
Rana,  the  ramus  communicans  cum  N.  palatino  of  the  ophthal- 
micus and  that  of  the  maxillaris. 

It  is  a  noteworthy  fact,  also,  that  in  Rana,  according  to 
Gaupp,  the  maxillaris  nerve,  in  union  with  fibers  from  the  oph- 
thalmic, innervates  the  muscle  levator  bulbi.  In  Amblystoma 
this  muscle  is  innervated  wholly  by  the  ophthalmic.  This  is 
not  only  another  case  where  the  functions  of  the  ophthalmicus 
profundus  in  Amblystoma  are  carried  over  to  the  maxillaris  in 
Rana,  but  it  shows  that  in  Rana  there  is  an  intimate  relation 
between  the  maxillaris  and  ophthalmic  nerves,  a  relation  which 
exists  between  the  general  cutaneous  as  well  as  between  the 
motor  components  of  the  nerves  as  shown  by  the  anastomoses 
between  the  terminal  sensory  twigs  of  the  two  nerves  described 
by  Gaupp. 

An  unqualified  homology  can  not  be  established  between 
the  two  species  with  reference  to  the  other  terminal  branches 
of  the  ophthalmicus  profundus.  The  lateralis  narium  of  Rana 
is  certainly  not  homologous  with  the  lateral  terminal  branch  of 
the  nerve  in  Amblystoma,  for  the  latter  nerve  innervates  a  re- 
gion belonging,  at  least  in  the  greater  part,  to  the  maxillaris  in 
Rana.  Exact  homologies  in  this  region  can  be  established  only 
by  far  more  extensive  comparative  and  perhaps  embryological 
data  than  have  yet  been  compiled. 

The  nerve  which  has  usually  been  called  the  maxillaris  in 
Urodela  is  of  special  interest  in  this  connection.  The  discovery 
of  a  lateral  line  component  in  this  nerve  forced  it  out  of  com- 
plete homology  with  the  maxillaris  of  Anura,  but  some  anato- 
mists have  called  its  general  cutaneous  component  the  maxil- 
laris. A  comparison  of  this  nerve  with  Strong's  lateral  "acces- 
sory ramus"  of  the  trigeminus  as  to  origin  and  distribution  is 
quite  conclusive. 
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According  to  my  preparation  the  lateral  and  larger  "acces- 
sory ramus"  arises,  as  Strong  describes  it,  from  the  dorso-mesal 
portion  of  the  Gasserian  ganglion.  It  passes  across  the  dorsal 
surface  of  the  maxillo-mandibularis  and  passes  around  the  an- 
terior border  of  the  ear  capsule  ventral  of  the  buccalis  VII 
(Fig.  3,  ac,  b,  iii).  The  buccalis  VII  and  "accessory  ramus" 
pass  laterad  close  together  to  near  the  lateral  border  of  the 
suspensorium.  In  this  position  the  two  nerves  are  fused  for  a 
short  distance.  Farther  cephalad  the  buccalis  holds  its  usual 
infra-orbital  position.  The  "accessory  ramus"  follows  close 
along  its  lateral  aspect  to  a  position  ventral  of  the  eye  (Fig. 
3C,  b,  ac). 

Soon  after  separating  from  the  buccalis  VII  the  "accessory 
ramus"  sends  ofT  a  large  branch  which  passes  laterad  and  ceph- 
alad to  the  skin  of  the  cheek  caudal  of  the  eye.  Ventral  of 
the  eye  it  sends  another  branch  to  the  skin  of  the  cheek,  and  a 
small  twig  to  the  lower  eyelid.  Ventral  of  the  anterior  part  of 
the  eye  there  appears,  in  close  relation  with  the  buccalis  VII, 
a  small  nerve  which  arose  from  the  "accessory  ramus"  a  short 
distance  ectal  of  the  Gasserian  ganglion  and,  traversing  the 
surface  of  the  facial  muscles,  distributes  itself  to  the  skin  antero- 
ventral  of  the  eye. 

This  general  cutaneous  branch  of  the  trigeminus,  there- 
fore, innervates  in  the  larva  of  Rana  the  region  corresponding 
to  that  in  Amblystoma  innervated  by  that  nerve  from  the  Gas- 
serian ganglion  which  is  fused  with  the  buccal  VII.  These 
nerves  corresp.ond  also  in  their  origin,  arising  in  both  cases 
from  the  dorso-mesal  portion  of  the  Gasserian  ganglion  and 
passing  across  the  dorsal  surface  of  the  mandibularis  in  the  one 
case  and  the  maxillo-mandibularis  in  the  other.  They  corres- 
pond also  in  the  relation  to  the  buccal  VII,  the  extent  of  the 
fusion  being  exceedingly  reduced  in  Rana.  They  correspond 
also  in  other  details  which  need  not  be  discussed  here.  We 
must  conclude,  therefore,  that  the  "accessory  ramus"  of  the 
trigeminus  in  the  tadpole  is  homologous  with  the  general  cuta- 
neous portion  of  the  so-called  maxillaris  in  Amblystoma.     This 
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being  the  case,  we  have  in  Amphibia  an  infra-orbital   nerve  of 
acustico-lateral  and  general  cutaneous  composition. 

The  relations  of  this  infra-orbital  nerve  in  the  adult  Rana 
seem  to  be  but  partially  known.  The  acustico-lateral  component 
degenerates  with  the  disappearance  of  the  lateral  line  organs. 
The  general  cutaneous  component  probably  persists  as  the  rami 
zygomatico-temporales  and  palpebrales  inferioris  as  described 
by  Gaupp.  The  relation  w^hich  the  nerve  holds  to  the  maxillo- 
mandibularis  in  older  tadpoles  suggests  the  possibility  of  a 
more  extensive  fusion  of  the  nerve  with  that  trunk  so  that  the 
at  one  time  independent  twig  might  later  become  a  ramus  of 
the  maxillaris.  It  is  quite  certain,  at  any  rate,  that  the  region 
innervated  in  the  adult  by  the  rami  mentioned  is  not  touched 
by  the  maxillaris  of  the  larva  but  is  innervated  by  the  "acces- 
sory ramus." 

Although  the  relations  existing  in  other  Amphibia  between 
the  ophthalmicus  profundus,  the  maxillaris,  and  the  palatinus 
VII  have  received  but  incidental  notice  by  anatomists  generally, 
a  brief  review  of  the  subject  may  be  helpful. 

In  Siredon  pisciformis  (larva  of  Amblystoma)  Fischer  de- 
scribes the  ventral  terminal  branch  of  the  ophthalmicus  pro- 
fundus (his  nasalis)  as  issuing  from  the  lateral  terminal  branch 
of  that  nerve.  He  finds  the  anastomosis  of  the  ventral  branch 
with  the  palatinus  VII,  and  describes  the  nerve  resulting  from 
that  anastomosis  as  passing  cephalad  over  the  vomer  essentially 
as  I  find  the  mesal  nerve  derived  from  the  double  anastomosis. 
The  anastomosing  nerves  which  pass  laterad  immediately  cau- 
dad  of  the  internal  pares  escaped  his  notice.  The  irfra  orbital 
nerve,  which  I  have  described  as  composed  of  acustico-lateral 
and  general  cutaneous  components,  Fischer  calls  the  maxillaris 
superior  of  the  trigeminus.  The  peripheral  distribution  he  as- 
signs to  this  nerve  fulfils  all  the  conditions  of  both  components. 
In  Amblystoma  punctatum,  Herrick  describes  the  ophthal- 
micus profundus  as  forming  into  three  terminal  branches,  and 
mentions  the  anastomosis  with  the  palatinus  VII  as  a  "broa^ 
commissure."  His  figures  suggest  that  he  saw  the  two  nerves, 
the  mesal  and  lateral,  derived  from  this  anastomosis,  but  he  has 
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not  shown  its  real  nature.  The  infra- orbital  nerve  he  calls  the 
maxillaris  and  assigns  it  to  the  trigeminus.  He  makes  this 
maxillaris  homologous  with  the  maxillaris  of  higher  forms. 

In  Salamandra  maculata,  according  to  Kingsley's  correc- 
tion of  the  work  of  von  Plessen  and  Rabinowicz,  the  relations 
between  the  nerves  in  question  would  seem  to  be  essentially  the 
same  as  I  have  described  them  in  Amblystoma  tigrinum.  How- 
ever, neither  von  Plessen  and  Rabinowicz  nor  Kingsley  de- 
scribe the  compound  nature  of  this  anastomosis. 

In  Cryptobranchus  alleghaniensis  (Menopoma  Harl.) 
Fischer  describes  the  first  branch  (ophthalmicus  profundus)  of 
the  trigeminus  as  anastomosing,  by  a  branch  given  off  in  the 
region  of  the  muscle  rectus  superior,  with  the  second  branch 
(maxillaris)  of  the  trigeminus.  Wilder  confirms  this  anasto- 
mosis and  says  that  the  nerve  resulting  from  it  anastomoses 
through  a  few  fibers  with  the  palatinus  VII.  McGregor,  men- 
tioning the  anastomosis  between  the  ophthalmic  and  maxillaris, 
says  nothing  of  the  fibers  which  enter  the  palatine.  He  claims, 
however,  that  the  presence  of  lateral  line  organs  ventral  of  the 
eye  proves  the  presence  of  lateral  line  fibers  in  the  maxillaris 
(second  branch,  of  Fischer).  If  there  are  such  fibers  in  this 
nerve  it  would  seem  to  be  homologous  with  the  infra-orbital 
nerve  in  Amblystoma,  in  which  case  the  anatomosis  with  the 
ophthalmic  would  present  some  difficulty.  But  McGregor  does 
not  claim  completeness  for  his  work  inasmuch  as  it  was  mostly  . 
done  by  dissection. 

In  Amphiuma,  according  to  Wilder,  the  relation  between 
the  ophthalmic  and  maxillaris  are  the  same  as  in  Crypto- 
branchus. He  describes  also  a  similar  anastomosis  between  the 
same  nerves  in  Siren  lacertina,  but  none  between  either  the 
ophthalmic  or  maxillaris  and  the  palatine. 

In  Necturus  Miss  Platt  has  observed  the  ontogenetic  de- 
velopment of  the  nerve  which  corresponds  with  the  infra-orbital 
nerve  in  Amblystoma.  She  shows  that  the  nerve  consists  of 
general  cutaneous  V  and  accustico-lateral  VII  components  which 
are  intimately  associated  in  the  process  of  differentiation  from 
the  ectoderm.      The  general  cutaneous  component  of  this  nerve 
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she  makes  homologous  with  Strong's  lateral  "accessory  ramus" 
of  the  trigeminus  of  the  tadpole.  If,  from  her  standpoint, 
Miss  Platt  can  show  that  the  ontogenetic  development  of  the 
"accessory  ramus"  and  the  buccal  VII  in  the  tadpole  corres- 
ponds with  that  of  the  two  components  of  the  infra-orbital 
nerve  in  Necturus,  the  evidence  will  be  most  conclusive,  but  she 
has  offered  no  exact  data  to  sustain  the  homology.  Miss 
Platt's  suggestion,  however,  is  the  only  one  I  have  been  able 
to  find  in  the  literature  as  to  the  representative  in  Urodela  of 
Strong's  "accessory  ramus"  in  the  tadpole. 

In  Spelerpes  bilineatus  Miss  Bowers  says  that  the  ophthal- 
micus profundus,  near  the  muscle  rectus  internus,  divides  into 
three  branches;  but  her  drawings  represent  the  "middle  one  of 
the  three  branches"  as  coming  off  of  the  mesai  or  "most  dor- 
sal." It  is  impossible  to  say  which  representation  is  correct. 
The  one  in  the  drawing  would  sustain  her  homologies  better 
than  the  one  in  the  text.  But  from  her  descriptions  generally 
I  am  led  to  believe  that  the  relations  are  essentially  the  same  in 
Spelerpes  as  I  find  in  Amblystoma.  Her  diagram  of  the  anas- 
tomosis of  the  ophthalmicus  profundus  and  palatinus  indicates 
that  the  palatinus  divides  posterior  of  the  internal  nares  as  it 
does  in  Amblystoma,  each  division  receiving  fibers  from  the 
ophthalmicus  profundus.  If  such  is  the  case,  the  homologies 
which  she  proposes  for  the  terminal  rami  of  the  ophthalmicus 
profundus  are  extremely  doubtful. 

In  her  treatment  of  the  infra-orbital  nerve  in  Spelerpes, 
Miss  Bowers  distinguishes  accustico-lateral  and  general  cuta- 
neous components,  considering  the  latter  component  as  repre- 
senting the  maxillaris  V.  She  observes,  however,  that  this 
nerve  does  not  anastomose  with  the  palatinus  VII  as  the  max- 
illaris does  in  Rana.  In  its  relation  to  the  buccal  VII  the  gen- 
eral cutaneous  portion  of  this  nerve  in  Spelerpes  approaches 
more  nearly  the  conditions  found  in  Rana  than  does  that  of 
Amblystoma,  providing  w'e  consider  this  component  as  homol- 
ogous with  the  "accessory  ramus"  in  the  tadpole. 

The  works  reviewed  above  serve  only  to  show  that  there 
are,  in  the  gross  structure  of  different  genera  ot   Urodela,  vari- 
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ations  which,  when  fully  known,  may  throw  light  upon  the 
particular  points  in  question.  The  roots,  ganglia  and  main 
trunks  of  the  nerves  of  Amphibia  in  general  have  been  faith- 
fully dissected,  but  the  finer  peripheral  relations  of  these  parts 
demand  greater  detail  in  description  before  any  broadly  com- 
parative evidence  can  be  deduced  upon  the  questions  presented 
in  this  paper.  The  conclusions  offered  here  are,  therefore, 
based  wholly  upon  my  own  observations  and  concern  only  Am- 
blystoma  and  Rana. 

CONCLLSIONS. 

1.  In  both  Rana  and  Amblystoma  there  are  two  anasto- 
moses in  the  roof  of  the  mouth  between  the  general  cutaneous 
component  of  the  trigeminus  and  the  communis  component  of 
the  facial.  These  anastomoses  take  place  through  the  palatinus 
VII  which,"  in  both  cases,  divides,  sending  one  division  lateral 
and  the  other  mesal  of  the  internal  nares. 

2.  The  regions  innervated  respectively  by  the  mesal  and 
lateral  branches  of  the  palatinus  VII  through  anastomosis  with 
the  general  cutaneous  component  of  the  trigeminus  correspond 
in  the  two  genera.  The  branches  of  the  palatinus  VII  must, 
therefore,  be  homologous  each  to  each. 

3.  The  communicating  nerve  between  the  palatinus  VII 
and  ophthalmicus  profundus  V  in  Rana  can  not  be  homologous 
to  the  communicating  nerve  between  the  nerves  of  the  same 
name  in  Amblystoma,  since  the  former  anastomoses  with  but 
one  branch  of  the  palatinus  VII  while  the  latter  communicates 
with  both  branches  of  that  nerve. 

4.  The  anastomosis  between  the  general  cutaneous  com- 
ponent of  V  and  the  lateral  division  of  the  palatinus  VII  takes 
place  through  the  maxillaris  nerve  in  Rana  and  through  the 
ophthalmicus  profundus  in  Amblystoma.  The  function  of  the 
maxillaris  in  Rana  is  therefore  performed  in  Amblystoma  by 
the  ophthalmic  so  far  as  the  oral  cavity  is  concerned. 

5.  In  cutaneous  distribution,  also,  the  function  of  the 
maxillaris    in  Rana  is  performed   by  the  ophthalmic    in  Ambly- 
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stoma.  The  terminal  branches  of  the  ophthalmicus  profundus 
in  Rana,  therefore,  can  not  be  homologized  each  to  each  with 
the  terminal  branches  of  that  nerve  in  Amblystoma. 

6.  As  a  general  conclusion  from  the  above,  there  is  no 
distinct  maxillaris  branch  of  the  trigeminus  in  Amblystoma. 
The  functions  of  that  nerve  are  performed  by  the  ophthalmicus 
profundus. 

7.  The  general  cutaneous  branch  of  the  trigeminus  asso- 
ciated with  the  buccal  VII  in  Amblystoma  corresponds  to 
Strong's  lateral  "accessory  ramus"  in  the  tadpole. 

Brown   University,  "^      * 

April ^,  igoi. 


DESCRIPTION  OF  PLATE  V. 

/^''^^  /.  Projection,  upon  the  horizontal  plane,  of  the  rami  ophthalmicus 
profundus  V  and  palatinus  VH  of  Am'olystoma  ligrinuni,  to  show  the  anasto- 
mosis between  these  nerves. 

Fi}^.  2.  Projection  of  the  same  nerves  of  the  larva  of  Rana  together  with 
the  ramus  maxillaris  V,  on  the  horizontal  plane  (after  Strong),  to  show  the 
character  of  anastomoses  as  compared  with  that  in  Amblystoma. 

Fig.  J.  Four  transverse  sections -through  the  head  of  a  tadpole  of  Rana, 
at  a  stage  some  time  previous  to  the  appearance  of  the  hind  legs.  Drawn  with 
the  camera  lucida  to  Show  the  relations  of  nerves  at  various  levels. 

Fig.  ^.  Four  transverse  sections  through  the  head  of  Amblystoma  tigri- 
num,  drawn  with  the  camera  lucida,  to  sliow  the  relations  of  nerves  as  com- 
pared with  Fig.  3.      *  ./ 

In  Figs.  •^,  4, 

A.  Near  the  anterior  end  of  the  Gasserian  ganglion,  to  show  especially 
the  relation  of  ac  to  m,  b  and  ^.  Fig.  3A  is  immediately  cephalad  of  the  Gas- 
serian ganglion. 

B  At  the  level  of  tlie  passage  of  ac,  b  and  w  around  the  anterior  border 
of  the  ear  capsule. 

C.      At  the  posterior  level  p't  the  eye. 

I).      At  level  of  posterior  end  of  internal  nares. 


Reference  Letters. 

rti-.^Ramiis  of  the  trigeminus  which  fuses  with  buccalis  VII. 
h.  —  Ramus  buccrilis  VII. 
c. — Brain. 

i.'. — Gassserian  ganglion. 
/.  —  Eve. 
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in — Ramus  lateralis  narium  of  ophthalmicus  profundus. 

Ip. — Lateral  division  of  the  ramus  palatinus  VII. 

»i. — Ramus  mandibularis  V  in  Amblystoma,  maxilto-mandibularis  in  Rana. 

mn. — Ramus  medialis  narium  of  ophthalmicus  profundus  V. 

mxc. — Ramus  communicans  cum  N.  palatino  of  maxillaris  V. 

mp. — Mesal  division  of  ramus  palatinus  VII 

mv. — Mesal  division    of  the  ventral   terminal    branch    of  the   ramus    oph 
thalmicus  profundus  V. 

mx. — Ramus  maxillaris  V. 

71. — Internal  nares 

('. — Ramus  ophthalmicus  profundus  V. 

t'/.  —  Lateral  terminal  branch  of  the  ophthalmicus  profundus  V. 

om  — Mesal  terminal  branch  of  the  ophthalmicus  profundus  V. 

OS. — Ramus  ophthalmicus  superficialis  VII. 

ov. — Ventral  terminal  branch  of  the  ophthalmicus  profundus  V. 

/.  —  Ramus  palatinus  VII. 

X. — The  nerve  formed  by  anastomosis  of  Ip  and  ov. 

y. — Nerve  formed  by    anastomosis  of  7np  and    ov  in    Amblystoma    and    by 
mp  and  vix  in  Rana. 

z. — Ear  capsule. 
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THE    ELIMINATION    OF    THE    UNFIT    AS    ILLUS- 
TRATED   BY   THE    INTRODUCED    SPARROW, 
PASSER  DOMESTICUS. 

By  H.  C.  BUMPUS. 
Biological  Lectures  of  the  Marine  Bio'.ogical  Laboratory  for  1898. 


ELEVENTH    LECTURE. 


THE    ELIMINATION    OF   THE    UNFIT   AS    ILLUS- 
TRATED   BY    THE    INTRODUCED    SPARROW, 
PASSER    DOMESTICUS. 

{A   FOURTH  CONTRIBUTION   TO    THE  STUDY  OF    VARIATION.) 
HERMON    C.   BUMPUS. 

We  are  so  in  the  habit  of  referring  carelessly  to  the  process 
of  natural  selection,  and  of  invoking  its  aid  whenever  some  pet 
theory  seems  a  little  feeble,  that  we  forget  we  are  really  using 
a  hypothesis  that  still  remains  unproved,  and  that  specific 
examples  of  the  destruction  of  animals  of  known  physical  dis- 
ability are  very  infrequent.  Even  if  the  theory  of  natural 
selection  were  as  firmly  established  as  Newton's  theory  of  the 
attraction  of  gravity,  scientific  method  would  still  require  fre- 
quent examination  of  its  claims,  and  scientific  honesty  should 
welcome  such  examination  and  insist  on  its  thoroughness. 

A  possible  instance  of  the  operation  of  natural  selection, 
through  the  process  of  the  elimination  of  the  unfit,  was  brought 
to  our  notice  on  February  i  of  the  present  year  (1898),  when, 
after  an  uncommonly  severe  storm  of  snow,  rain,  and  sleet,  a 
number  of  English  sparrows  were  brought  to  the  Anatomical 
Laboratory  of  Brown  University.  Seventy-two  of  these  birds 
revived ;  sixty-four  perished ;  and  it  is  the  purpose  of  this 
lecture  to  show  that  the  birds  which  perished,  perished  not 
through  accident,  but  because  they  were  physically  disquali- 
fied, and  that  the  birds  which  survived,  survived  because 
they  possessed  certain  physical  characters.  These  characters 
enabled  them  to  withstand  the  intensity  of  this  particular 
phase    of    selective    elimination,    and    distinguish    them    from 
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their  more  unfortunate  companions.  It  will  be  convenient 
for  us  to  arrange  our  material  in  the  form  of  tests,  as  follows. 

Test  I :  Sex.  —  It  will  be  noted  by  reference  to  the  tables  that 
of  the  surviving  birds  the  males  are  much  more  numerous  than 
the  females.  Of  the  former  there  are  fifty-one  (thirty-five  adults 
and  sixteen  young),  while  of  the  latter  there  are  only  twenty- 
one.  Among  the  birds  which  perished,  the  females  are  abso- 
lutely and  relatively  more  numerous  than  they  are  among  the 
birds  which  survived,  although  more  than  one-half  (thirty-six 
out  of  sixty-four)  of  the  unfortunate  birds  are  males.  Of  course 
it  may  be  that  male  birds  are  naturally  more  abundant  than 
females,  but  the  present  question  is  not  one  of  distribution  of 
sex,  but  rather  of  distribution  of  fitness,  and  the  inference  is  that 
the  females  are  less  competent  to  resist  severe  winter  weather 
than  are  the  males,  for,  while  only  28^0  of  the  survivors  are 
females,  they  constitute  43^  of  those  that  perished. 

Test  2 :  Length.  — The  first  column  of  figures  on  the  several 
tables  gives,  in  millimeters,  the  lengths  of  the  birds  from  the 
tip  of  the  beak  to  the  tip  of  the  tail.  An  examination  of  the 
averages,  printed  at  the  bottom  of  each  column,  will  prove  par- 
ticularly instructive.  It  will  be  noted  on  Tables  I  and  I^  that 
the  average  length  of  the  adult  males  which  survived  (i  59  mm.) 
is  really  less  than  that  of  the  adult  males  which  perished 
(162  mm.).i  Similar  figures,  159  mm.  and  162  mm.  on  Tables 
II  and  lis  indicate  the  same  relative  lengths  of  the  young 
males  of  the  two  groups.  The  average  lengths  of  the  females 
of  the  two  groups,  157  mm.  and  158  mm.,  Tables  III  and  III^, 
also  indicate  an  excess  in  the  average  length  of  the  birds 
which  perished.  The  birds  which  perished,  then,  males  or 
females,  adult  or  young,  are  longer  than  those  which  endured, 
and  we  are  justified  in  concluding  that  when  nature  selects, 
through  the  agency  of  winter  storms  of  this  particular  kind  of 
severity,  those  sparrows  which  are  relatively  short  stand  a 
better  chance  of  surviving. 

Test  J:  Alar  Extent.  —  Averages  based  on  measurements 
from  tip  to  tip  of  the  extended  wings  fail  to  bring  out  any 

1  The  numbers  printed  in  light  type,  both  in  the  text  and  in  the  tables,  refer  to 
birds  which  survived ;  those  printed  in  heavy  type  refer  to  birds  which  perished. 
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Striking  difference  between  the  two  classes  of  birds.  Both 
have  an  indicated  average  of  2.45  mm.,  although,  to  be  more 
exact,  the  birds  which  perished  averaged  2.449,  while  those 
that  survived  averaged  2.455,  3-  difference  too  slight  to  be  of 
material  significance.  This  similarity  of  the  two  groups  is 
not  to  be  wondered  at,  since  it  is  not  to  be  expected  that  one 
eliminative  agent  will  express  itself  in  all  possible  anatomical 
features.  Were  the  eliminative  agent,  for  example,  a  severe 
northerly  wind  of  protracted  duration,  the  alar  extent  might 
then  enter  in  as  a  factor  of  considerable  selective  value,  and 
survivors  would  then  have  an  alar  extent  materially  different 
from  that  of  the  birds  eliminated. 

The  alar  extent  of  the  females,  corresponding  with  their 
smaller  size,   is  less  than  that  of  the  males. 

Test  4 :  WeigJit.  —  Had  I  been  called  upon  to  express  an 
opinion  as  to  whether  heavy  or  light  birds  would  be  more  suc- 
cessful in  resisting  the  severity  of  the  February  storm,  I  should 
have  declared  unhesitatingly  in  favor  of  the  heavy  birds.  An 
examination  of  the  third  column  of  measurements,  however,  will 
show  that  the  birds  which  survived  invariably  average  less  in 
weight  than  those  which  perished,  and  that  among  the  males 
this  difference  amounts  to  more  than  a  gram ;  that  is,  to  about 
one  twenty-fifth  of  the  weight.  The  surviving  birds  of  both 
sexes  had  an  average  weight  of  25.2  grams,  and  those  which 
succumbed  had  an  average  weight  of  25.8  grams. 

It  may  not  be  out  of  place  to  call  attention  here  to  certain 
objections  which  may  be  raised  to  the  method  which  I  have 
adopted,  and  to  the  conclusions  thus  far  derived  therefrom. 
One  may  claim  that  the  greater  relative  number  of  females  in 
the  group  of  birds  which  perished  vitiates  the  numerical  result, 
since  the  females  are  of  less  stature  than  the  males.  But  it 
will  be  noted  that  this  objection  answers  itself,  for  the  birds 
which  perished  are  not  shorter,  but  longer,  than  those  which 
survived ;  and  again,  that  the  birds  which  perished,  though 
having  a  disproportionate  number  of  the  lighter  sex,  never- 
theless have  an  average  weight  considerably  greater  than  that 
of  the  birds  which  survived.  Moreover,  comparing,  in  the 
two  groups,  adult  males  with  adult  males,  young  males  with 
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voung  males,  and  females  with  females,  we  find  that  the 
differences  between  the  two  classes  of  birds  are  expressed 
in  these  three  smaller  divisions,  and  I  think  we  are  justified  in 
concluding  that  the  differences  are  really  significant. 

The  explanation  that  the  birds  which  lived  were  those  which 
sought,  or  at  least  enjoyed,  better  shelter  cannot  be  entertained, 
for  the  storm  was  of  long  duration,  and  the  birds  were  picked 
up,  not  in  one  locality,  but  in  several  localities ;  and,  moreover, 
it  is  a  fact  that  the  survivors  are  structurally  differejit  from 
those  which  perished.  If  to  these  structural  characters  one 
desires  to  add  also  the  intellectual  character  that  the  birds  knew 
enough  to  go  in  out  of  the  storm,  the  difference  between  the 
two  groups  becomes  so  much  the  greater. 

Test  5/  Length  of  Head.  —  A  comparison  of  the  average 
lengths  of  head,  from  the  tip  of  the  beak  to  the  occiput,  shows 
only  a  similarity  between  the  survivors  and  those  which  per- 
ished, and  indicates  that  under  the  present  environmental 
conditions  this  feature  is  not  sufficiently  prominent  to  be 
expressed  by  this  method  of  computation. 

Test  6 :  Length  of  Hnnierns.  —  An  examination  of  the  fifth 
column  of  figures  will  show  that  the  length  of  the  arm  bones 
of  the  birds  which  perished  always  averages  less  than  that  of 
the  survivors.  This  difference  is  most  conspicuous  in  the  adult 
males,  where  the  surviving  birds  have  an  average  length  of 
humerus  of  .738  of  an  inch,  considerably  more  than  that  of 
their  unfortunate  companions,   .727. 

Here  again  I  wish  to  emphasize  the  fact  that  these  differ- 
ences cannot  be  merely  accidental,  because  they  so  often  tend 
in  the  same  direction.  If  among  the  survivors  it  is  the  proper 
thing  for  adult  males  to  have  a  long  humerus,  then  the  young 
males  have  a  long  humerus,  and  the  females  follow  the  prevail- 
ing fashion  with  characteristic  servitude.  If  a  short  humerus 
is  an  index  of  inferiority,  all  three  groups  of  eliminated  birds 
(adult  males,  young  males,  and  females)  bear  this  same  mark  of 
inferiority.  This  fact  is  the  more  striking  since  the  averages 
are  established  on  a  relatively  small  number  of  birds,  while 
usually  in  the  statistical  methods  of  the  study  of  variation  an 
abundance  of  material  is  necessary. 
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Test  J  :  Length  of  Fenuir.  — An  examination  of  the  general 
averages  on  Tables  III  and  1 11^  shows  that  the  survivors  pos- 
sess longer  thigh  bones  than  do  the  birds  which  succumbed. 
The  average  length  of  femur  in  the  former  is  .716  inch  ;  in  the 
latter  .709.  This  difference  in  the  averages  cannot  be  ascribed 
to  the  large  number  of  dead  females,  since  the  difference  pre- 
vails also  for  both  the  adult  and  young  males. 

Test  S :  Lengtli  of  Tibio-Tarsus.  —  Measurement  of  the  tibio- 
tarsus  yields  practically  the  same  comparative  data  as  the 
measurement  of  the  upper  bone  of  the  leg,  although  in  both 
groups  of  birds  this  bone  in  the  females  is  considerably  longer 
than  in  the  adult  males,  notwithstanding  that  the  females  are 
smaller.  This  series  of  measurements  agrees  with  the  sixth,  in 
that  the  young  males  have  longer  legs  than  the  adult  males. 

Test  g.  —  ]\Ieasurements  across  the  skull,  from  the  postorbital 
bone  of  one  side  to  the  postorbital  bone  of  the  other,  are  given 
in  the  eighth  column,  and  are  less  satisfactory,  perhaps,  than 
those  of  other  portions  of  the  skeleton.  The  breadth  of  the 
cranium,  as  thus  indicated,  is  somewhat  less  in  the  females  than 
in  the  males.  The  averages  denote  that  the  birds  which  sur- 
vived had  wider  heads  than  those  which  perished,  but  these 
averages  are  considerably  influenced  by  data  furnished  by  the 
young  males.  The  irregularities  in  the  subordinate  groups 
induce  me  to  place  less  confidence  in  these  numerical  results 
than  in  the  results  from  measurements  of  other  structures. 

Test  10  :  Length  of  Stcnutm.  —  This  test  differs  from  other 
tests  in  that  it  relates  to  measurements  in  the  longitudinal 
axis  of  the  body.  In  the  males  the  sternum  is  long,  and  in 
the  females  it  is  short.  In  the  birds  which  survived  it  has  a 
general  average  length  of  .845  inch  ;  in  those  which  perished 
it  has  a  general  average  length  of  only  .834. 

I  think  these  tests  prove  that  there  are  fundamental  dif- 
ferences between  the  birds  which  survived  and  those  which 
perished.  While  the  former  are  shorter  and  weigh  less  {i.e., 
are  of  smaller  body),  they  have  longer  wing  bones,  longer  legs, 
longer  sternums,  and  greater  brain  capacity.  These  characters 
are  in  accordance  with  our  ideas  of  physical  fitness  ;  their  defec- 
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tive  development  is  evidently  a  mark  of  inferiority,  and  we  are 
justified  in  concluding  that  the  birds  so  handicapped  failed  to 
pass  one  of  Nature's  rigorous  tests  and  perished. 

In  an  earlier  lecture,  on  the  "  Variations  and  Mutations  of 
the  Introduced  Sparrow,"  facts  were  adduced  which,  it  was 
claimed,  were  sufficient  to  show  that  the  English  sparrow,  since 
its  introduction  into  this  country,  has  found  life  so  easy  that  the 
operation  of  natural  selection  has  been  practically  suspended, 
and  that  the  American  type  consequently  has  become  degen- 
erate. No  active  agent  had  eliminated  anomalies,  and  certain 
"freaks  "  had  increased  in  number,  until  they  had  become  over 
four  times  as  numerous  as  in  England. 

When  calling  attention  to  the  occurrence  of  these  variations, 
and  to  the  fact  that  they  were  an  indication  of  the  absence  of 
an  active  eliminative  factor,  I  little  thought  that  within  a  few 
months  I  might  witness  the  action  of  an  eliminating  factor  that 
would  test  the  structural  qualifications  of  all  the  birds  :  destroy 
those  which  had  departed  unduly  from  the  ideal  type,  and  thus 
raise  the  general  standard  of  excellence. 

It  will  be  recalled  that,  after  the  storm  of  February  i,  one 
hundred  and  thirty-six  birds  were  taken,  and  that,  of  these, 
seventy-two  revived,  while  sixty-four  failed  to  recover.  But 
the  fact  that  the  birds  which  perished  had  in  the  average 
longer  and  larger  bodies,  and  shorter  head,  wing,  and  leg 
bones,   does  not  tell  all  the  story  of  selective  elimination. 

Reference  to  the  tables  will  show,  not  only  that  the  longest 
bird  perished,  but  also  that  the  shortest  bird  perished.  The 
longest  bird  was  No.  33,  the  shortest  No.  40.  (In  these  and 
other  cases  of  extreme  departure  from  the  mean,  the  exponent  i 
is  placed  in  the  table  beside  the  number  of  the  bird.) 

Again,  if  we  examine  the  columns  of  figures  which  indicate 
the  alar  extent  of  the  different  birds,  we  find  that  both  the  bird 
with  greatest  spread  of  wings.  No.  32,  and  the  one  with  least 
spread  of  wings.  No.  52,  perished. 

The  heaviest  bird,  No.  23,  weighed  31  grams;  it  perished. 
The  honors  for  lightness  are  evenly  divided;  No.  53,  among 
the  survivors,  and  No.  60,  among  the  eliminated,  have  the 
same  weight,  viz.,   22.6  grams. 
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The  bird  (No.  55)  whose  head  was  longest  (measured  from 
the  tip  of  the  beak  to  the  occiput)  suffered  elimination.  The 
extreme  variant  in  the  opposite  direction  (No.  9)  survived. 

The  honors  for  the  longest  humerus,  .780  mm.,  are  divided, 
Nos.  6  and  44.  The  bird  with  the  shortest  humerus,  No.  21, 
perished. 

The  longest  femur  was  possessed  by  bird  No.  55,  the  shortest 
by  No.  5  I . 

The  surviving  birds  represent  both  extremes  of  variation  of 
the  tibio-tarsus  (Nos.  18  and  41).  In  respect  to  all  other  col- 
umns of  measurements  the  survivors  possess  exclusively  never 
more  than  one  of  the  extreme  forms. 

Both  extremes  of  variation  in  width  of  cranium  (Nos.  55 
and  52)  are  found  among  the  eliminated  birds. 

The  longest  sternum  is  found  in  one  of  the  surviving  birds 
(No.  15),  and  it  will  be  remembered  that  a  long  sternum  was 
considered  a  mark  of  excellence.  The  shortest  sternum  (No.  52) 
is  found  among  the  eliminated  birds  where  the  standard  is  low. 

These  extremes  of  variation  are  represented  on  Table  IV, 
and  by  counting  the  dark  numbers  we  find  that  eleven  extreme 
positions  (maximum  or  minimum)  are  occupied  exclusively  by 
the  birds  which  perished,  whereas  the  light  numbers  show  that 
only  five  extreme  positions  are  occupied  by  those  which  sur- 
vived. In  two  cases  (the  minimum  weight  and  the  maximum 
length  of  humerus)  the  extreme  positions  are  occupied  alike 
by  birds  of  both  groups,  and  consequently  I  have  left  the 
spaces  blank.  In  three  cases  two  birds  of  the  same  group 
occupy  the  same  extreme  position,  but  the  table  is  designed  to 
indicate  only  the  extreme  positions  and  not  the  number  of  birds 
occupying  them.  The  n?nnber  of  birds  occupying  these  extreme 
positions  is  represented  on  the  previous  tables  by  the  exponent 
I,  and  if  we  count  up  these  exponents,  we  shall  find  that  among 
the  surviving  birds  there  are  nine  cases  of  this  extreme  type, 
whereas  among  the  birds  which  perished  there  are  fourteen 
cases.  These  numbers  are  the  more  impressive  when  one  con- 
siders that,  inasmuch  as  there  are  seventy-two  of  the  former 
birds  and  only  sixty-four  of  the  latter,  the  chances  for  the 
occurrence  of  extreme  variation  are  not  equal  in  the  two  groups. 
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The  birds  which  perished  are  at  a  decided  disadvantage  because 
of  their  smaller  representation,  yet  there  are  many  more  "freaks" 
among  them  than  among  the  surviving  birds. 

If  it  is  thought  that  the  association  of  the  larger  number  of 
cxtrcuic  variants  with  the  eliminated  birds  is  merely  a  matter 
of  accident,  we  will  not  stop  to  argue  the  matter,  but  will  apply 
the  same  test  to  the  birds  that  remain  after  these  extreme 
examples  have  been  removed.  We  find  even  after  the  removal 
of  these  twenty-three  examples,  that  extreme  examples  of  the 
second  order,  indicated  by  the  exponent  2,  show  the  same  tend- 
ency to  occur  more  frequently  among  the  eliminated  birds. 

The  longest  birds  now  are  166  mm.;  the  shortest,  153  mm. 
Of  the  former,  Nos.  22,  24,  28,  32,  35,  perished,  and  No.  18  sur- 
vived ;  of  the  latter,  Nos.  45  and  62  perished,  and  Nos.  35,  54, 
and  55  survived. 

If  we  count  the  times  that  the  exponent  2  occurs  in  the 
tables,  we  shall  find  that  there  are  ten  birds  of  extreme  abnor- 
mality of  this  second  grade  which  survived,  while  there  are 
twenty  of  the  same  grade  which  perished. 

These  figures  indicate  that  the  amplitude  of  variation  of  the 
surviving  birds  is  less  than  that  of  the  birds  which  perished. 
Were  we  to  attempt  the  arrangement  of  the  data  into  curves 
of  distribution,  the  curve  representing  the  distribution  before 
the  storm  would  be  found  to  have  a  broad  base,  whereas  the 
curve  representing  the  distribution  after  the  storm  would  be 
found  to  have  a  narrow  base,  for  the  eliminative  process  con- 
centrated i^s  energy  on  the  individuals  which  occupied  extreme 
positions. 

Lest  there  remain  some  doubt  as  to  the  importance  of  this 
eliminative  process,  and  of  its  efficiency  in  exterminating  ex- 
treme variants,  let  us  examine  our  figures  again  and  see  whether 
the  group  of  birds  which  has  already  contributed  thirty-four  of 
the  extremes  of  variation  has  still  an  excess  of  variability. 

If  we  count  up  the  exponents  (3)  of  this  third  order  of 
variable  individuals,  we  find  that  the  birds  which  survive  give 
eleven  examples,  whereas  those  w-hich  perished  give  twenty-one. 
—  It  appears  unnecessary  to  carry  our  investigations  further 
along  this  line,  for  our  results  point  always  in  one  direction. 
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Natural  selection  is  most  destnictivc  of  those  birds  wJiich  have 
departed  most  from  the  ideal  type,  and  its  activity  raises  the 
general  staiidard  of  excellence  by  favoring  those  birds  zvhich 
approach  the  structural  ideal. 

Inasmuch  as  the  variation  in  structure  in  the  birds  which 
perished  tends  to  centre  about  certain  individuals,  as,  for 
example,  Nos.  45,  52,  and  55,  it  might  be  claimed  that  the 
accidental  presence  of  a  few  of  these  extremely,  abnormal 
individuals  in  this  group  is  what  really  makes  all  the  differ- 
ence.    Let  us  see. 

There  are  twenty-three  birds  among  the  seventy-two  sur- 
vivors whose  measurements  bear  exponents  of  extreme  vari- 
ation, and  there  are  twenty-four  birds  similarly  distinguished 
among  the  sixty-four  which  perished.  But  none  of  the  birds 
in  the  first  group  has  more  than  three  exceptional  features, 
whereas  several  of  the  birds  which  perished  have  a  consider- 
ably larger  number  of  exceptional  features  :  four,  five,  and  in 
one  case.  No.  52,  even  six. 

Of  the  twenty-three  survivors  which  bear  exponents,  nine- 
teen have  only  one  exceptional  character,  and  it  is  not  surprising, 
considering  the  high  standard  of  excellence  possessed  by  these 
birds  as  a  whole,  that  a  single  unfavorable  feature  does  not 
prove  fatal.  There  are  but  ten  of  the  eliminated  birds  which 
have  only  one  exceptional  character,  and  the  fact  that  some 
are  burdened  with  more  than  one  is  apparently  the  reason  for 
their  mortality. 

In  an  earlier  contribution  to  the  Study  of  Variation  I  called 
attention  to  a  coincidence  which  may  have  considerable  signifi- 
cance. When  specimens  of  A^eeturus  varied  in  respect  to  any 
one  feature,  there  was  a  tendency  for  such  specimens  to  pre- 
sent other  and  not  necessarily  correlated  variations.  Stated  in 
another  way,  instability  in  respect  to  any  one  feature  is  an 
index  of  general  organic  instability.  A  similar  coincidence  of 
variations  occurs  among  the  sparrows. 

Of  the  one  hundred  and  thirty-six  birds,  five  (Nos.  3,  47,  70, 
21,  52)  had  albino  feathers.  Like  other  abnormalities  endured 
by  the  surviving  birds,  albinism  in  two  out  of  the  three  cases 
is  the  only  affliction.     But  among  those  that  were  eliminated, 
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where  albinism  twice  occurs,  it  affects  in  one  case  a  bird 
marked  by  four  other  abnormalities  (No.  21),  and  in  the  other 
a  bird  (No.  52)  already  cursed  by  six  abnormalities,  the  most 
miserable  individual  in  the  entire  collection. 

While  we  have  shown  that  the  birds  which  perished  have 
certain  average  structural  peculiarities  which  distinguish  them 
from  the  survivors,  and  that  the  intensity  of  selective  elimina- 
tion has  been  felt  most  by  birds  of  extreme  structure,  it  remains 
to  be  shown  that  a  general  instability  of  structure  is  as  char- 
acteristic of  the  birds  which  perished  as  a  general  stability  of 
structure  is  characteristic  of  those  which  survived. 

If  we  had  sufficient  data,  this  fundamental  difference  in  the 
two  groups  of  birds  might  be  indicated  by  curves  of  distribu- 
tion, one  curve  narrow  and  elevated,  showing  that  its  compo- 
nents are  closely  crowded  around  an  ideal  mean,  the  other 
broad  and  low,  showing  that  its  components  are  relatively 
indifferent  to  any  ideal.  But  in  the  absence  of  sufficient  data 
to  illustrate  the  differences  in  this  manner,  we  can  arrive  at  a 
numerical  result  equally  instructive  by  another  method. 

Having  determined  the  ideal  means  for  the  several  characters 
in  each  group  of  birds,  we  can  then  find  the  distance  that  each 
individual  departs  from  this  ideal.  By  adding  these  degrees 
of  departure  in  respect  to  the  several  characters,  and  dividing 
by  the  number  of  individuals,  we  shall  have  numbers  which 
represent  the  average  departures  from  the  ideal  means.  These 
numbers  will  be  large  if  the  members  of  a  group  of  birds  show 
a  general  tendency  towards  eiisregard  of  the  ideals,  and  they  will 
be  small  if  the  birds  tend  to  crowd  around  the  ideals.  If  all 
the  birds  actually  attain  the  ideals,  the  number  will  be  zero. 
—  This  is  simply  following  out  the  principle  that  one  man  at 
the  end  of  a  ten-foot  lever  can  do  as  much  work  as  ten  men 
at  the  end  of  a  one-foot  lever.  A  bird  removed  ten  units  from 
the  mean  exerts  the  same  divergent  influence  upon  its  group 
that  ten  birds  would  exercise  if  removed  one  unit. 

The  results  of  this  test,  numerically  expressed  in  Table  V, 
are  most  instructive.  In  every  case  but  one  the  numbers  indi- 
cating the  average  departure  from  the  ideal  mean  are  smaller 
for  the  birds  which  survived,  and  thus  indicate  a  general  tend- 
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In  respect  to  lensjth, 

3.48 

"  alar  extent, 

4.60 

"  weight, 

12.6 

"  length  of  head, 

5.64 

"       "        "   humerus. 

20.1 

"       "        "   femur. 

20.0 

"      "       "  tibio-tarsus. 

33.8 

"  width  of  head, 

12. 

"  length  of  keel, 

31. 

ency  toward  conservatism  on  the  part  of  the  survivors.  In 
the  single  exceptional  case  the  numbers  are  not  very  different, 
32  and  31.  Granting  this  exception  to  the  uniformity  in  the 
figures,  it  is  exceedingly  interesting  to  examine  the  series.  In 
respect  to  length,  the  birds  which  perished  had  an  average 
departure  from  the  ideal  mean  expressed  by  the  number  3.48, 
while  the  average  departure  of  the  birds  which  survived  was 
only  2.51,  or,  expressed  in  tabular  form: 

3.48  is  greater  than    2.51. 
"  "        4.20. 

"  "      10.9. 

"        5-51. 

"  "  16.0. 

"  "  14.0. 

"  29.4. 

"  "  ID.,  but 

;ss  "  32. 

A  series  of  eight  consecutive  cases  like  the  above,  all  point- 
ing in  the  same  direction,  can  hardly  be  considered  accidental. 

To  summarize : 

(i)  We  have  found  that  there  are  fundamental  differences 
between  the  surviving  birds  and  those  eliminated,  and  we 
conclude  that  the  birds  which  survived  survived  because  they 
possessed  certain  structural  characters,  and  that  the  birds  which 
perished  perished  not  through  accident,  but  because  they  did 
not  possess  certain  structural  characters  which  would  have 
enabled  them  to  withstand  the  severity  of  the  test  imposed 
by  nature ;  they  were  eliminated  because  they  were  unfit. 

(2)  The  process  of  selective  elimination  is  most  severe  with 
extremely  variable  individuals,  no  matter  in  what  direction  the 
variations  may  occur.  It  is  quite  as  dangerous  to  be  conspicu- 
ously above  a  certain  standard  of  organic  excellence  as  it  is  to 
be  conspicuously  below  the  standard.  It  is  the  type  that  nature 
favors. 

(3)  Disregard  of  structural  qualifications  finally  produces  a 
throng  of  degenerates,  whose  destruction  will  follow  the  arrival 
of  adversity. 
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Table  I. 
Measurements  of  Thirty-Jive  Males  which  Survived. 


h 

X 

H 

Length  of 

Beak 
AND  Head. 

ii. 
0  i/i 

5a 

0    . 

Length  of 

TlBIO- 
TARSUS. 

°  J 

X     -1 
0     ^ 

Length  of 
Keel  of 
Sternum. 

I  z 

154^^ 

241 

24.5 

31.2 

.6S7 

.668 

1.022"- 

-587 

.830 

2     $ 

160 

252 

26.9 

30.S 

736 

.709 

I.I80 

.602 

.841 

3   $ 

155 

243 

26.9 

30.6 

733 

.704 

1-151 

.602 

.846 

4    $ 

154^ 

245 

24-3 

317 

.741 

.688 

1. 146 

.584 

•839 

5    $ 

156 

247 

24.1 

31-5 

715 

.706 

1. 129 

-575 

.821 

6   $ 

161 

253 

26.5 

31.8 

.780! 

743 

1. 144 

.607 

-893 

7    $ 

157 

251 

24.6 

3I-I 

.741 

736 

1-153 

.610 

.862 

S    $ 

159 

247 

24.2 

314 

.728 

.718 

1. 126 

.609 

-793 

9   $ 

158 

247 

23-6 

29.81 

703 

■673 

1.079 

.602 

.820 

lO    $ 

158 

252 

26.2 

32- 

749 

739 

I -1 53 

.614 

.857 

>i    $ 

160 

252 

26.2 

32- 

.741 

723 

1. 129 

.624 

.892 

I-    5 

162 

253 

24.8 

32-3 

.766 

752 

1-134 

-633 

.9232 

13    $ 

161 

243 

25.4 

31.8 

.721 

.722 

1. 126 

•597 

.891 

14    ^ 

160 

250 

237 

29.81 

730 

703 

1. 103 

.590 

.820 

i^    $ 

159 

247 

25.7 

314 

.729 

.717 

1. 141 

-592 

.927I 

1 6    5 

158 

253 

257 

31-9 

743 

.699 

1. 1 50 

.600 

.860 

>7    ^ 

159 

247 

26.5 

31.6 

733 

.714 

1. 155 

.611 

.9232 

iS   s 

1 662 

253 

26.7 

32-5 

767 

765-^ 

I.2301 

.600 

.878 

19   ^ 

159 

247 

23-9 

314 

752 

723 

1. 113 

.602 

.825 

20     $ 

160 

248 

24.7 

31-3 

752 

737 

1. 176 

.603 

-803 

21      5 

161 

252 

28. 

31.8 

.770-2 

73' 

1. 190 

-590 

-8S5 

22     5 

163 

251 

27.9 

31-9 

.7693 

745 

I.I6S 

.622 

.860 

■23     5 

156 

242 

25-9 

3-- 

723 

.711 

1. 116 

.609 

.886 

24     5 

1658 

251 

25.7 

32.2 

751 

742 

1. 161 

.613 

.865 

25     $ 

160 

247 

26.6 

324 

.728 

.707 

1. 108 

-590 

-836 

26     J 

158 

244 

23.23 

31.6 

730 

713 

1. 142 

.585 

.888 

27      5 

160 

242 

25.7 

31.6 

.709 

705 

1. 124 

.620 

.788 

28  s 

157 

245 

26.3 

32.2 

.741 

.726 

I-I43 

-595 

-850 

29     5 

159 

244 

24-3 

31-5 

723 

.69S 

1. 1 07 

.615 

.847 

30  s 

160 

253 

26.7 

32-1 

739 

.714 

1. 117 

-592 

.864 

3'    J 

158 

245 

24.9 

314 

.726 

703 

1. 119 

-580 

-854 

3^    5 

161 

247 

23.8 

314 

735 

.694 

I.IOI 

.602 

.789 

33   S 

160 

247 

25.6 

32-3 

.756 

745 

I-I35 

.607 

.902 

34    5 

160 

247 

27. 

32- 

755 

736 

1. 174 

.631 

-873 

35   $ 

153-^ 

241 

247 

32.2 

.728 

.680 

1.092 

.592 

.8S4 

Average  .  . 

159 

247 

254 

31.6 

738 

.716 

1-135 

.602 

-857 
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Table  I^ 

Measurements  of  T%veiity-fo2ir  Adult  Males  ivhich  Perished. 


Total 
Length. 

2   ^ 

<     X 

E-' 

2  33   a 
-^         < 

0      T. 

X     g 
H    « 

CO     hiH 

0     . 

ii 

2   ," 

Length  of 

Tl  bio- 
ta KSUS. 

o     . 
J 

X     J 

h   a 

Length  of 
Keel  of 
Sternum. 

X    $ 

1653 

249 

26.5 

31. 

.738 

.704 

1.095 

.606 

.847 

•2    $ 

160 

245 

26.1 

32. 

.736 

.709 

1.109 

.611 

.842 

3    Z 

161 

249 

25.6 

32.3 

.743 

.718 

1.128 

.602 

.828 

4    5 

162 

246 

25.9 

32.3 

.738 

.709 

1.135 

.607 

.869 

o    $ 

163 

250 

25.5 

32.5 

.752 

.731 

1.197 

.623 

.888 

0    $ 

162 

247 

27.6 

31.8 

.731 

.719 

1.113 

.597 

.869 

7    $ 

163 

246 

25.8 

31.4 

.689 

.6623 

1.073 

.604 

.836 

8    $ 

161 

246 

24.9 

30.5 

.739 

.726 

1.138 

.580 

.803 

9    ^ 

160 

242 

26. 

31. 

.745 

.713 

1.105 

.600 

.803 

10    J 

162 

246 

26.5 

31.5 

.720 

.696 

1.092 

.606 

.809 

11    $ 

160 

249 

26. 

31.4 

.726 

.689 

1.097 

.602 

.850 

1-2    5 

161 

250 

27.1 

31.6 

.737 

.711 

1.120 

.631 

.852 

13    $ 

162 

248 

25.1 

31.9 

.744 

.722 

1.154 

.591 

.839 

14     5 

1653 

252 

26. 

32.3 

.726 

,710 

1.145 

.609 

.887 

15    5 

161 

243 

25.6 

32.5 

.709 

.707 

1.122 

.607 

.832 

16    $ 

161 

244 

25. 

31.3 

.702 

.685 

1.082 

.595 

.874 

IT    5 

162 

248 

24.6 

31. 

.713 

.700 

1.086 

.590 

.837 

18    $ 

164 

244 

25. 

31.2 

.703 

.690 

1.074 

.608 

.795 

19    5 

158 

247 

26. 

32. 

.729 

.710 

1.145 

.607 

.803 

20    5 

162 

253 

28.3 

31.8 

.752 

.718 

1.152 

.600 

.857 

21     $ 

156 

239 

24.6 

30.5 

.6591 

.6582 

1.0423 

.5703 

.810 

2-2    J 

166 

251 

27.5 

31.5 

.720 

.691 

1.118 

.612 

.847 

23    J 

1653 

253 

31.  1 

32.4 

.765 

.750 

1.183 

.613 

.905 

24    5 

1662 

250 

28.3 

32.4 

.754 

.718 

1.179 

.607 

.9163 

Average    .  . 

162 

247 

26.2 

31.6 

.727 

.706 

1.120 

.603 

.845 
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Table  IL 

Measicreme7its  of  Sixteen  Young  Males  tvhich  Survived. 


h 

X 
0 

S 

Length  of 

Beak 
AND  Head. 

0  -J) 

s 

X  OS 

ii. 

0  . 

X   I 

0  a 

Z  tt. 

Length  of 

•       TlBIO- 

TARSUS. 

b 
0   . 

It 
0     -J. 

Length  of 
Keei,  of 
Sternum. 

36  juv.  Z 

in  juv.  t 

38  juv.  Z 

39  juv.  Z 

40  juv.  Z 

41  juv.  Z 

42  juv.  Z 

43  juv.  Z 

44  juv.  Z 

45  juv.  Z 

46  juv.  Z 

47  juv.  Z 

48  juv.  ^ 

49  juv.  Z 

50  juv.  ^ 

51  juv.  Z 

156 
156 
163 
163 

160 

156 

162 

163 

164 

163 

160 
160 

158 
158 
158 

155 

246 

245 
248 
248 
250 
237 
253 

2  54=^ 

251 
244 
247 

250 

247 
249 
243 
237 

24.6 

25-5 
24.8 
26.3 
24.4 

23-3 
26.7 
26.4 
26.9 

24-3 

27. 

26.8 

24.9 

26.1 

26.6 

23-3 

32- 

32.1 

32.2 

..-,  3 
JJ- 

3I-S 
30.6 

32- 

32- 

32- 

31-3 

31-5 

32-5 

324 

32.2 

324 
30.28 

744 
761 
742 
736 
746 
692 

759 
766 

755 
718 
764 
764 

745 
742 
747 
68  5 

735 
717 

733 

704 

715 
664 

734 
750 
742 
680 

732 
729 
724 
736 
711 

653^ 

1. 167 

1. 147 
1. 1  65 

1. 148 

I-I73 
i.oiii 
1. 197 
1-165 
1. 171 
1.082 
1. 177 
1-123 
1-139 
1. 148 
1. 163 
i.oiii 

•592 
.620 
.606 
.609 
.604 
.588 
.630 
.605 
.620 
.610 
.617 

•635^ 

.588 

.602 

.612 

-587 

-S49 
.816 

-854 
•839 
-S93 
-774 
.S78 
.886 
.886 
.892 
.846 
.842 
•865 
.817 
.891 
•794 

Average  .  . 

159 

246 

254 

31.8 

741 

716 

1. 1 36 

.607 

.851 
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Table  II ». 

AIeasu>-ements  of  Twelve  Youftg  Males  which  Perished. 


J  a: 

<    H 

h 

I 
0 

5 

Length  of 

Beak 
AND  Head. 

ti.  . 
X    a 

ti. 

0  . 

El 

u 

Length  of 

TlBIO- 

tarsus. 

0  . 
a  -: 

Length  of 
Keel  of 
Sternum. 

25  juv. 

i 

160 

249 

24.2 

30.4 

.740 

.717 

1.130 

.620 

.840 

26  juT. 

$ 

156 

236 

26,8 

30.  2 

.690 

.671 

1,067 

.5632 

.832 

27  juT. 

$ 

168 

240 

23,5 

31. 

.716 

.702 

1,113 

,596 

.805 

28  juT. 

$ 

1662 

245 

26,9 

31.7 

.715 

.695 

1,107 

,601 

.847 

29  juv. 

$ 

1653 

2552 

28,6 

31.6 

.766 

.744 

1,175 

.613 

,854 

30  juv. 

$ 

157 

238 

24,7 

31,2 

.6803 

.677 

1.156 

.599 

.769 

31  juv. 

s 

164 

250 

27,3 

31,8 

.764 

.726 

1.171 

.588 

.860 

32  juv. 

$ 

1662 

2561 

25.7 

31.7 

.752 

.751 

1.187 

.595 

.868 

33  juv. 

$ 

1671 

2552 

29.  3 

32,2 

,765 

.745 

1.197 

.6382 

.855 

34  juv. 

$ 

161 

246 

25. 

31,5 

,739 

.707 

1,123 

.587 

.850 

35  juv. 

$ 

1662 

2543 

27.5 

31,4 

.760 

.742 

1,124 

.604 

.914 

36  juv. 

$ 

161 

251 

26. 

31,5 

.731 

.707 

1,122 

.589 

.828 

Average  .  . 

162 

248 

26.2 

31,5 

.734 

.715 

1,141 

.599 

.842 
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Table  III. 

Miasiirements  of  Twenty-one  Adult  and  Young  Females  which  Survived. 


Total 
Length. 

X 

I  -  i 

H    <  K 
z  a  Q 
^       5 

=  i 

a    a: 
H    la 
0   S 
z   a 

0    . 

ii 

Length  or 
Ti  bio- 
tarsus. 

... 

Lcngth  of 
Keel  ok 
Sternum. 

y-  9 

156 

245 

25-3 

31.6 

729 

.710 

I.IS2 

620 

.809 

53   9 

154^ 

240 

22.61 

304 

70s 

.686 

1. 103 

5S4 

.770 

54   9 

153- 

240 

25.1 

31- 

724 

•713 

1. 123 

585 

.812 

55   9 

153^ 

236 

23.23 

30-9 

698 

.678 

1-132 

596 

•795 

56  9 

155 

243 

24.4 

31-5 

734 

•736 

1. 170 

596 

.801 

57    9 

163 

247 

25.1 

32- 

748 

•734 

1. 166 

602 

.821 

58  9 

157 

238 

24.6 

30-9 

726 

•727, 

1. 175 

S88 

•797 

59  9 

15s 

239 

24. 

32.8 

732 

.742 

1.17s 

601 

•835 

60  9 

164 

248 

24.2 

327 

752 

.752 

1. 201 

604 

.830 

61  9 

158 

238 

24.9 

31- 

741 

.6S9 

1. 09 1 

592 

.866 

62  9 

158 

240 

24.1 

3^-3 

733 

.706 

1. 107 

591 

.867 

63  9 

160 

244 

24. 

31-1 

731 

•730 

1.152 

589 

.808 

64  9 

161 

246 

26. 

32-3 

758 

•732 

i^i54    ! 

623 

.859 

65  9 

157 

245 

24.9 

32- 

752 

.740 

1.1S6 

593 

•787 

66   9 

157 

235 

25-5 

31-5 

712 

.704 

1-132 

611 

.781 

67  9 

156 

237 

23-4 

30-9 

708 

.691 

1-123 

613 

.798 

6S   9 

158 

244 

25-9 

314 

729 

•70s 

1. 1 46 

597 

.8si 

69  9 

153^ 

238 

24.2 

30-5 

715 

■707 

1. 116 

595 

.821 

70  9 

15s 

236 

24.2 

30-3 

727 

.70s 

1. 120 

58s 

.790 

7t  9 

163 

246 

27.4 

32-5 

732 

.711 

I-I63    1 

630 

.862 

72  9 

159 

236 

24. 

31-5 

709 

•713 

1.129    1 

607 

•845 

Average  .  . 

157 

241 

24.6 

314 

728 

.714 

1.143 

600 

.819 

General  average 
for  72  birds  .  .  . 

158 

245 

25-2 

31.6 

736 

.716 

1. 138 

603 

•S45 
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Table  III^   - 

Measurements  of  Twenty-eight  Adult  and  Voting  Females  -which  Perished. 


J  a" 
0   z 

<     M 

a 
0 

Length  of 

Beak 
AND  Head. 

0   g 

X     B 

b   S 
2    a 

0       . 

Length  of 
'I'laio- 

taksu.s. 

X    - 

i-   a 

=  ^  s 

=     g 

i-    J    z 
•J.    M    US 
2   H   a 

37 

9 

155 

240 

26.3 

31.4 

.709 

.710 

1.125 

.614 

.815 

38 

9 

156 

240 

25.8 

31.5 

.715 

.678 

1.127 

.597 

.812 

39 

9 

160 

242 

26. 

32.6 

.740 

.732 

1.157 

.597 

.854 

40 

9 

1521 

2323 

23.23 

30.3 

.6762 

.683 

1.048 

.590 

.780 

41 

9 

160 

250 

26.5 

31.7 

.741 

.731 

1.187 

.615 

.886 

4-2 

9 

155 

237 

24.2 

31. 

.727 

.723 

1.118 

.610 

.787 

43 

9 

157 

245 

26.9 

32.2 

.766 

.751 

1.2272 

.620 

.841 

44 

9 

1653 

245 

27.7 

33.12 

.7801 

.7573 

1.195 

.633 

.895 

45 

9 

1532 

2312 

23.9 

30.1 

.6803 

.6623 

1.0423 

.592 

.781 

46 

9 

16-2 

239 

26.1 

30.3 

.709 

.685 

1.092 

.587 

.911 

47 

9 

16-2 

243 

24.6 

31.6 

.741 

.729 

1.162 

.605 

.840 

48 

9 

159 

245 

23.6 

31.8 

.727 

.700 

1.129 

.610 

.8.55 

49 

9 

159 

247 

26. 

30.9 

.711 

.666 

1.098 

.580 

.7492 

50 

9 

155 

243 

25. 

30.9 

.730 

.711 

1.127 

.598 

.839 

51 

9 

162 

252 

24.8 

31.9 

.752 

.738 

1.180 

.615 

.875 

52 

9 

1521 

2301 

22.82 

30.4 

.682 

.664 

1.0423 

.5511 

.7341 

53 

9 

159 

242 

24.8 

30.8 

.717 

.667 

1.090 

.575 

.809 

54 

9 

155 

238 

24.6 

31.2 

.706 

.702 

1.102 

.588 

.7583 

55 

9 

163 

249 

30.52 

33.41 

.767 

.7671 

1.2073 

.6401 

.896 

56 

9 

163 

242 

24.8 

31. 

.713 

.713 

1.128 

.607 

.813 

57 

9 

156 

237 

23.9 

31.7 

.718 

.716 

1.090 

.611 

.800 

58 

9 

159 

238 

24.7 

31.5 

.726 

.701 

1.145 

.600 

.800 

59 

9 

161 

245 

26.9 

32.1 

.751 

.704 

1.142 

.607 

.819 

60 

9 

155 

235 

22.61 

30.7 

.695 

.692 

1.119 

.584 

.771 

61 

9 

162 

247 

26.1 

31.9 

.751 

.735 

1.157 

.618 

.802 

6-2 

9 

153^ 

237 

24.8 

30.6 

.732 

.718 

1.172 

.594 

.802 

63 

9 

162 

245 

26.2 

32.5 

.728 

.731 

1.102 

.614 

.832 

64 

9 

164 

248 

26.1 

32.3 

.739 

.707 

1.159 

.592 

.823 

Average   .  . 

158 

241 

25.3 

31.4 

.726 

.709 

1.131 

.601 

.820 

General  average 
for  54  birds  .  .   . 

160 

245 

25.8 

31.5 

.728 

.709 

1.128 

.601 

.834 
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Table  IV. 

The  Maximum  and  Minimum  Aleasurements. 


2            a 
X     «     S 

b. 

b 

t. 

^ 

^   - 

X 

C     w 

X   ? 

C 

►J 

c 

X  6  2 

X  i 

=  t  s 

=  "  5 

<     X 

Lengt 
Bea 

AND    K 

Lengt 

TiBI 

tars 

Q   •a 

[:  «  « 

Z     «    g 

(d) 

Maximum .  . 

167 

256 

31 

33.4 

.767 

1.230 

.640 

.927 

^«) 

(i) 

(<■■) 

{c) 

Minimum  .  . 

152 

230 

29.8 

.659 

•^53 

I.OtI 

.551 

.734 

(a)  The  minimum  length  (152  mm.)  occurs  twice  among  the  birds  which  perished  :   Nos.  40  and  62. 

(b)  The  minimum  weight  (22.6  grams)  occurs  in  each  group  :  Nos.  53  and  60,  and  therefore  is  not 

entered. 

(c)  The  minimum  length  of  head  (29.8  mm.)  and  of  tibio-tarsus  (i.ou  inch)  occurs  twice  arnong  the 

surviving  birds  :  Xos.  9  and  14,  41  and  51. 
{d)  The  maximum  length  of  humerus  (.7S0  inch)  occurs  in  each  group  :  Nos.  6  and  44,  and  therefore 
is  not  entered. 


Table  V. 

Average  Departures  from  Ideal  Mean. 


J    X 
<    H 
h    J 
0    Z 

a    z 

<     H 
J    H 

X 

Length  of 

Beak 
AND  Head. 

C     -r. 

a 
X    a 
H     « 

0    S 
z    a 

Length  of 
Tibio- 
tarsus. 

Width  of 
Skull. 

Length  of 
Kebi.  of 
Sternum. 

Seventy-two 
which  survived 

251 

4.20 

10.9 

551 

16. 

14. 

29.4 

10.     '     32. 

1     ^ 

Sixty  four 
which  perished 

3.48 

4.60 

12.6 

5.64 

20.1 

20. 

33.8 

12.     j     81. 
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FACTS    AND    THEORIES    OF    TELEGONY. 

HERMOX    C.   BUMPUS. 

It  will  be  remembered  that  Professor  Weismann,  in  a 
chapter  of  The  Genn-P/asm,  entitled  ''  Doubtful  Phenomena  of 
Heredity,"  referred  to  what  is  generally  known  as  infection 
of  the  germ,  and  gave  to  it  the  term  "  Telegony."  Although 
he  expressed  some  doubts  as  to  the  existence  of  the  phenome- 
non, believing  that  the  recorded  instances  of  "infection"  w^ere 
based  upon  an  insufficiency  of  data  or  misinterpretation  of 
facts,  he  felt  justified  in  considering  its  occurrence  possible, 
since  supposed  cases  of  infection  had  been  often  discussed,  and 
even  Darwin  had  considered  the  subject  worthy  of  special 
mention. 

The  belief  that  the  male  of  the  first  coitus  may  influence  the 
color,  structure,  and  disposition  of  the  young  born  to  a  female, 
of  another  sire,  is  almost  universally  held  by  stock-breeders,  and 
so  tenaciously  that  even  the  accidental  contamination  of  a  pure- 
bred female  by  a  male  of  inferior  blood  renders  her  permanently 
undesirable  for  breeding  purposes. 

The  question,  however,  had  received  no  special  attention 
from  biologists  previous  to  the  Spencer-Weismann  controversy 

917 


91 8  THE   AMERICAN  NATURALIST.       [Vol.  XXXI 1 1. 

of  1893.  At  that  time  Spencer  accepted  telegony  as  an  incon- 
testable fact,  called  attention  to  experiments  made  by  Mr. 
Nouel  upon  sheep,  and  described  in  the  Journal  of  the  Royal 
Agricultural  Society  for  1853  ;  to  others  made  upon  pigs  by 
Daniel  Giles,  Esq.,  and  reported  in  the  Philosophical  Transac- 
tions for  1821  ;  and  to  the  famous  experiment  of  Lord  Morton, 
in  which  a  pearly  full-blooded  Arabian  mare,  having  been  mated 
to  a  quagga,  by  which  she  had  a  hybrid  foal,  subsequently  bore 
to  a  full-blooded  Arabian  stallion  two  foals,  which  were  said  to 
simulate  the  markings  of  the  quagga.  He  concluded  :  "  And 
now,  in  presence  of  these  facts,  what  are  we  to  say.-*  Simply 
that  they  are  fatal  to  Weismann's  hypothesis.  They  show  that 
there  is  none  of  the  alleged  independence  of  the  reproductive 
cells;  but  that  the  two  sets  of  cells  are  in  close  communion. 
They  prove  that  while  the  reproductive  cells  multiply  and 
arrange  themselves  during  the  evolution  of  the  embryo,  some 
of  their  germ-plasm  passes  into  the  mass  of  somatic  cells  con- 
stituting the  parental  body,  and  becomes  a  permanent  compo- 
nent of  it.  Further,  they  necessitate  the  inference  that  this 
introduced  germ-plasm,  everywhere  diffused,  is  some  of  it 
included  in  the  reproductive  cells  subsequently  formed.  And 
if  we  thus  get  a  demonstration  that  the  somewhat  different 
units  of  a  foreign  germ-plasm  permeating  the  organism,  per- 
meate also  the  subsequently  formed  reproductive  cells,  and 
affect  the  structures  of  the  individuals  arising  from  them,  the 
implication  is  that  the  like  happens  with  those  native  units 
which  have  been  made  somewhat  different  by  modified  func- 
tions :  there  must  be  a  tendency  to  inheritance  of  acquired 
characters." 

Romanes  expressed  himself  more  cautiously.  While  admit- 
ting that  telegony  occurred,  he  questioned  its  frequent  occur- 
rence, and  could  not  accept  Spencer's  explanation,  nor  agree 
with  him  that  the  phenomenon  disproved  Weismann's  doctrine 
of  the  isolation  of  the  germ-plasm. 

In  1896  Dr.  A.  L.  Bell  published  an  article  in  the  Jotirjial  of 
Anatomy  and  Physiology,  in  which  he  described  several  cases 
that  purported  to  illustrate  the  influence  of  a  previous  sire,  and 
described  several  experiments  that  he  had  made  upon  horses 
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and  dogs  for  the  express  purpose  of  producing  results  which 
might  be  attributed  to  the  influence  of  telegony.  In  the  same 
year  Karl  Pearson  examined  the  matter  statistically,  and 
showed  that  in  man  there  was  no  evidence  that  the  younger 
children  of  a  family  have  characters  more  nearly  resembling 
those  of  the  father  than  do  the  eldest,  for  it  is  evident  that  if 
telegony  really  occurs  the  later  offspring  of  the  "  infected  " 
mother  would  resemble  the  father  more  than  would  the  first- 
born. 

Mr.  Bulman  has  more  recently  called  attention  to  the  bear- 
ing that  "hybrid-oology"  has  upon  the  question  of  telegony. 
The  eggs  deposited  by  a  female  bird  of  a  certain  species,  after 
she  has  been  mated  to  a  male  of  another  species,  will  often 
resemble,  in  their  coloration,  the  eggs  of  the  latter  species. 
This  fact,  which  appears  to  be  well  established,  has  been 
thought  to  prove  that  the  sperm  influences  not  the  ovum  alone, 
but  the  walls  of  the  oviduct,  which  in  turn  imprint  their  ac- 
quired character  upon  the  eggshell.  It  seems  to  the  writer, 
however,  that  one  is  not  driven  to  accept  such  a  phenomenon 
as  an  instance  of  "maternal  infection."'  The  hen's  ^^g  is  not 
the  product  of  the  undirected  metabolic  activity  of  the  hen 
alone,  but  is  the  result  of  the  joint  activity  of  the  combined 
oocyte  and  sperm,  —  the  oosperm,  —  and  the  coverings  of  the 
&^^,  the  membranes  and  shell,  in  their  elaboration,  must  be 
affected  as  well  by  the  centrifugal  influence  of  the  oosperm  as 
by  the  centripetal  influence  of  the  oviducal  walls.  The  Qg^ 
takes  unto  itself  what  it  selects,  not  merely  w^hat  is  thrust 
upon   it. 

A  paper  strongly  in  favor  of  telegony,  and  partially  based 
upon  experiments,  was  written  by  Mr.  Frank  Finn,  at  the 
time  of  the  Spencer-Weismann  controversy,  and  published  in 
Natural  Science.  The  observations  therein  recorded,  especially 
those  upon  varieties  of  the  domestic  fowl,  are  exceedingly 
interesting,  and  one  would  almost  become  convinced,  had  the 
experiments  been  made  for  the  express  purpose  of  securing 
definite  data  bearing  upon  the  disputed  question,  and  had  ade- 
quate precautions  been  taken  for  the  exclusion  of  errors.  But 
it  is  this  very  lack  of  definite  data,  and  the  frequent  admission 
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of  evidence  based  upon  anecdotes  and  traditions  of  obscure 
origin,  tiiat  have  made  so  many  of  the  communications  incon- 
clusive and  unsatisfactory.  Of  an  entirely  different  nature  are 
the  efforts  of  Professor  J.  C.  Ewart  of  the  University  of  Edin- 
burgh, who  has  lately,  published  some  of  the  results  of  his 
"Penycuik  Experiments";  but  although  his  work  has  received  the 
well-merited  attention  of  the  British  journals,  American  publica- 
tions have  been  almost  shamefully  indifferent  to  its  importance. 

Professor  Ewart  began  his  experiments  in  1895,  when  he 
secured  three  male  Burchell's  zebras.  Two  of  these  died, 
but  the  third  became  thoroughly  acclimated.  This  zebra 
was  mated  to  Mulatto,  a  black  West  Highland  pony,  and  the 
hybrid  colt  Romulus,  born  in  August,  1896,  was  even  more 
profusely  striped  than  the  sire,  which  in  its  figure  and  general 
behavior  it  strongly  favored.  Now,  following  Lord  Morton's 
experiment,  Mulatto  was  sired  by  an  Arabian  horse,  and,  lo  ! 
and  behold  !  like  Lord  Morton's  colt,  ^Mulatto's  foal  presented  a 
number  of  stripes,  although  these  were  indistinct  and  visible 
only  in  certain  lights.  A  third  foal,  born  to  Mulatto  in  May 
of  the  present  year  by  a  West  Highland  pony,  Loch  Corie, 
also  showed  indistinct  markings. 

It  would  thus  appear  at  first  sight  that  Mulatto's  second  and 
third  foals  lend  support  to  the  belief  in  telegony,  but  the 
Scotch  professor  did  not  stop  here.  Soon  after  the  birth  of 
Mulatto's  third  foal,  two  West  Highland  mares,  similar  to  her, 
but  neither  of  which  had  ever  seen  a  zebra,  had  colts  by  Loch 
Corie,  both  of  which  were  striped.  It  is  thus  seen  that  striped 
colts  may  be  born  to  full-blooded  parents  without  the  "  infec- 
tion "of  a  zebra  sire,  and  we  are  practically  forced  to  give  up 
our  interest  in  the  offspring  of  Lord  Morton's  mare. 

Further  experiments  of  Professor  Ewart  are  as  follows  :  A 
Shetland  mare,  mated  to  a  black  Shetland  pony,  had  as  her 
first  foal  a  colt  distinctly  striped.  Mated  to  the  zebra,  her 
second  foal  was  the  most  zebra-like  of  all  of  Professor  Ewart's 
hybrids ;  but  when  again  mated,  to  a  Welsh  pony,  her  third  foal, 
born  after  she  had  had  an  opportunity  to  become  infected  by 
the  zebra  or  its  hybrid  foal,  did  not  begin  to  have  the  conspicu- 
ous zebra-like  markings  of  the  first  foal. 
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The  crossing  of  Iceland,  Irish,  English  thoroughbred  and 
Arabian  mares  with  the  zebra,  and  the  breeding  of  them  subse- 
quently to  their  own  or  closely  related  varieties,  failed  to  afford 
the  slightest  evidence  in  support  of  the  theory  of  the  infection 
of  the  germ. 

Although  the  "  Penycuik  Experiments  "  were  evidently  un- 
dertaken for  the  express  purpose  of  proving  the  truth  or  fal- 
sity of  the  supposed  phenomena  of  telegony,  Professor  Ewart 
struck  upon  certain  by-products  of  no  inconsiderable  scientific 
value.  It  will  be  recalled  that  the  existing  striped  horses 
are  grouped  under  four  species  :  the  quagga  {E.  qiiagga)  of 
South  Africa,  the  most  ass-like,  and  the  one  of  Lord  Morton 
fame;  Burchell's  zebra  {E.  burcJicllii),  the  species  used  by  Pro- 
fessor Ewart,  and  occurring  on  the  plains  north  of  the  Orange 
River  ;  the  true  zebra,  or  mountain  zebra  {E.  zebra),  and  the 
Somali  zebra  {E.  grevyi)  of  Northeastern  Africa.  Professor 
Ewart  is  of  the  opinion  that,  as  far  as  the  coloration  is  con- 
cerned, the  last  is  the  most  primitive  of  living  zebras,  and  the 
colors  and  markings  of  the  hybrid  foals  resemble  those  of  this 
species  rather  than  the  color-pattern  of  their  sire.  In  other 
words,  the  process  of  hybridization  results  in  the  resurrection  of 
ancestral  characters  which  have  long  remained  latent,  and  his 
experiments  show  also  that  even  the  mere  crossing  of  varieties, 
or  the  in-breeding  of  domestic  animals  may  lead  to  the  produc- 
tion of  offspring  possessing  characters  which  are  to  be  explained 
only  on  the  principle  of  reversion. 

Turning  to  Darwin's  The  Variation  of  Animals  and  Plants 
under  Domestication,  we  read  under  the  caption  "  Crossing  as 
a  Direct  Cause  of  Reversion  "  : 

"  It  has  long  been  notorious  that  hybrids  and  mongrels  often 
revert  to  both  or  to  one  of  their  parent  forms,  after  an  interval 
of  from  two  to  seven  or  eight,  or,  according  to  some  authorities, 
even  a  greater  number  of  generations.  But  that  the  act  of 
crossing  in  itself  gives  an  impulse  toward  reversion,  as  shown 
by  the  reappearance  of  long-lost  characters,  has  never,  I  be- 
lieve, been  hitherto  proved.  The  proof  lies  in  certain  pecul- 
iarities which  do  not  characterize  the  immediate  parents,  and 
therefore  cannot    have    been    derived    from    them,  frequently 
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appearing  in  the  offspring  of  two  breeds  when  crossed,  which 
peculiarities  never  appear,  or  appear  with  extreme  rarity,  in 
these  same  breeds,  as  long  as  they  are  precluded  from  crossing." 
Lord  Morton's  mare  was  used  by  Darwin  in  this  chapter, 
not  because  of  its  telegonous  young,  but  because  its  first  foal, 
the  hybrid,  had  stripes  "  inoi-e  strongly  defined  and  darker  than 
those  on  the  legs  of  the  quaggay  Professor  Ewart,  not  alone 
by  his  experiments  upon  horses  and  zebras,  but  by  experiments 
upon  pigeons,  fowl,  and  rabbits,  has  provided  an  abundance  of 
evidence  to  prove  the  correctness  of  Darwin's  views  as  set 
forth  in  this  chapter,  but  he  certainly  shows  that  Darwin  spoke 
with  insufficient  evidence  when  he  said:  "There  can  be  no 
doubt  that  the  quagga  affected  the  character  of  the  offspring 
subsequently  begot  by  the  black  Arabian  horse."  His  experi- 
ments, moreover,  have  yielded  most  welcome  information  of  a 
definite  nature  respecting  the  benign  and  baneful  effects  of  in- 
breeding, the  unsettled  questions  bearing  upon  sterility  and  the 
strange  phenomena  which  are  associated  with  the  word  "pre- 
potency." Both  men  of  science  and  those  interested  in  the 
practical  occupation  of  breeding  owe  a  debt  of  gratitude  to 
Professor  Ewart,  an  obligation  that  J.  Arthur  Thomson  has 
acknowledged  in  a  recent  article  in  Natural  Science,  but  a  testi- 
monial even  more  fitting  would  be  the  adoption  of  similar  lines 
of  research  by  our  numerous  and  amply  equipped  agricultural 
schools  and  experiment  stations.  The  vexed  problems  of 
heredity  never  will  be  solved  until  a  great  many  individuals 
or  institutions  seriously  undertake  experimental  breeding. 

Brown  University,  Nov.  i,  1899. 
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ON    THE    IDENTIFICATION    OF    FISH    ARTI- 
FICIALLY HATCHED. 

HERMON    C.    BUMPUS. 

Although  the  United  States  Fish  Commission  has  annually 
hatched  and  planted  many  millions  of  young  fish,  and  although 
the  planting  has  often  resulted  in  the  apparent  increase  in  the 
number  of  adults  where  the  plantings  have  been  made,  there 
is  nothing  but  circumstantial  evidence  to  show  that  the  fish 
appearing  in  increased  numbers  are  really  the  adults  of  the 
young  artificially  produced.  The  recent  excessive  abundance 
of  cod  along  the  shores  of  New  England  is  probably  the  result 
of  extensive  operations  at  the  Woods  Holl  hatchery.  The 
facts  that  these  fish  were  small  when  they  first  appeared,  that 
they  have  since  increased  in  size,  that  they  have  occurred  in 
localities  where  cod  had  never  before  been  caught,  and  that 
they  are  reported  to  be  of  a  different  color  from  the  native 
variety  are  interesting,  although  to  the  sceptical  they  are  not 
absolutely  convincing.  There  is  need  of  some  scheme  whereby 
the  adults  of  fish  hatched  artificially  may  be  distinguished  from 
those  native  to  the  locality. 

To  mark  the  fry  is,  of  course,  out  of  the  question,  but  is  it 
not  possible  that  the  fry  mark  themselves,  i.e.,  is  there  not 
a  slight  difference  between  the  fish  of  the  same  species  but  of 
different  localities,  and  if  there  is  this  slight  difference,  does 
it  not  present  itself  in  a  measurable  manner } 

The  careful  examination  of  a  large  number  of  periwinkle 
shells^  {Littorina  litto7'cd)  has  shown  that  localities  even  near 
together  are  characterized  by  shells  of  different  proportions. 
This  fact  has  warranted  the  examination  of  a  number  of  fish 
for  the  purpose  of  seeing  if  they  too  are  not  subject  to  similar 
varietal  changes. 

During  the  latter  part  of  March  of  the  present  year,  while 

^Zoological  Bulletin,  vol.  i,  No.  5,  February,  1898,  p.  247. 
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at  the  Laboratory  of  the  United  States  Fish  Commission,  I 
examined  several  hundred  winter  flatfish  {Pleuronectes  avieri- 
caniis)  with  the  following  results  : 

Of   lOO  flatfish  collected  at  Woods  Holl,  only  one  had  62 
dorsal  fin-rays,  seven  had  63,  twelve  had  64,  twenty-two  had 
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Fig.  I. 


65,  etc.,  as  represented  by  the  ordinates  of  curve  A  in  Fig.  i. 
The  amplitude  of  variation  is  between  62  and  72,  the  arith- 
metical mean  being  66,  represented  by  the  vertical  line  at  the 
right  of  66.1,  curve  A.  The  curve  drawn  through  the  upper 
ends  of  the  ordinates  represents  graphically  the  distribution 
of  the  100  variants  around  this  mean. 
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If  we  now  tabulate  the  dorsal  fin-rays  of  an  equal  number 
of  flatfish  from  another  locality,  it  is  evident  that  if  the  fishes 
in  both  localities  are  alike,  the  curves  will  coincide.  If  they 
are  different,  even  slightly  so,  the  lack  of  coincidence  will 
indicate  the  difference.  The  curve  drawn  at  B,  Fig.  i,  is 
based  on  the  enumeration  of  the  dorsal  fin-rays  of  100  flatfish 
taken  at  Waquoit,  Mass.,  from  a  small  bay  only  eight  miles 
east  from  Woods  Holl.  Compared  with  curve  A,  the  Waquoit 
curve  lies  further  to  the  left,  has  a  longer  base,  and  a  less 
altitude.  The  Waquoit  collection  thus  contains  -several  fish, 
the  number  of  dorsal  fin-rays  of  which  are  less  in  number  than 
those  of  fish  taken  at  Woods  Holl.  The  Waquoit  fish  are 
more  variable,  the  amplitude  at  Woods  Holl  being  from  62  to 
72  (eleven  points),  while  the  amplitude  at  Waquoit  is  from  60 
to  71  (twelve  points).  The  depressed  curve  of  distribution  in 
the  second  curve  is  an  indication  of  greater  variability  and 
o-eneral  indifference  to  the  "ideal  mean."  The  arithmetical 
mean,  represented  by  the  vertical  line,  is  65.2,  the  Waquoit 
fishes  averaging  about  one  dorsal  fin-ray  less  than  the  Woods 
Holl  specimens. 

Curve  C  represents  the  distribution  of  100  flatfish  from 
Bristol,  R.  I.,  from  a  body  of  water  located  about  fifty  miles 
west  of  Woods  Holl.  Compared  with  curve  A,  the  Bristol 
curve  lies  further  to  the  left  and  has  a  broader  base,  though  its 
culminating  point  is  very  definitely  indicated.  The  arithmetical 
mean  is  64.9. 

It  is  thus  seen  that  there  is  a  measurable  difference  between 
collections  of  fish  from  different  localities,  even  though  the  fish 
individually  present  no  perceptible  difference. 

There  is  correlated  with  the  increase  or  decrease  in  the 
number  of  dorsal  fin-rays,  an  increase  and  decrease  in  the  num- 
ber of  anal  fin-rays,  as  shown  in  Fig.  2.  The  Woods  Holl 
specimens  average  a  large  number  of  dorsal  and  also  a  large 
number  of  anal  fin-rays,  66.1  dorsals  and  49.7  anals.  The 
Waquoit  specimens  average  a  less  number  of  dorsal  fin-rays 
(65.2),  and  they  also  have  a  less  number  of  anal  fin-rays  (48.6). 
The  Bristol  specimens  average  only  64.9  dorsal  fin-rays  and 
48.7  anal  fin-rays.     The  individuals  also  partake  of  this  corre- 
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lation,  those  having  a  larger  number  of  dorsal   fin-rays  tending 
towards  the  possession  of  a  larger  number  of  anal  fin-rays. 

If  it  is  proposed  to  test  the  result  of  re-stocking  a  locality  in 
which  a  species  of  fish  has  become  reduced  in  numbers,  it  is 
necessary  to  first  determine  the  "  curve  of  distribution"  from 
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fish  native  to  the  locality,  and  this  curve  may  be  based  on  any 
measurable  structural  character,  such  as  the  number  of  fin-rays, 
the  number  of  scale-rows,  or  the  number  of  vertebrae.  One 
must  then  determine  the  "curve  of  distribution,"  for  the  same 
structural  character,  of  fishes  of  the  same  species,  but  abun- 
dantly found  at  another  locality,  from  which  the  "  brood  fish  " 


No.  37^-]  ARTIFICIALLY  HATCHED   FISH.  411 

are  to  be  taken.  After  the  "planted  fish"  have  had  time  to 
mature,  new  curves  should  be  plotted  for  the  first  locality.  If 
these  curves  are  practically  the  same  as  those  originally  made, 
it  is  reasonable  to  conclude  that  the  re-stocking  has  been  inef- 
fectual. If,  hov/ever,  the  new  curve  approaches  the  curve  of 
the  locality  from  which  the  "brood  fish"  were  taken,  it  is 
reasonable  to  conclude  that  the  influence  of  the  foreign  speci- 
mens has  been  felt,  and  the  re-stocking  has  been  effectual. 
The  following  objections  may  be  raised  to  the  above  method  : 
(i)  It  may  be  that,  due  to  the  small  number  of  specimens 
(100),  the  curve  A  is  not  characteristic  of  the  Woods  Holl  speci- 
mens, and  its  difference  from  curve  B  is  only  accidental.  To 
test  this  source  of  possible  error  I  have  examined  three  separate 
groups  of  flatfish,  all  from  the  same  locality,  each  group  contain- 
ing 100  specimens.  The  resulting  curves  are  strikingly  alike. 
Of  course  it  would  be  much  more  satisfactory  to  base  all  the 
curves  on  the  enumeration  of  the  fin-rays  of  one  thousand  rather 
than  one  hundred  specimens,  but  even  one  hundred  specimens 
yield  fairly  definite  results,  though  the  curves  are  somewhat 
uneven. 

(2)  It  may  be  that  the  variation  in  the  position  of  the  curves 
is  a  result  of  age,  i.e.,  the  fishes  from  Woods  Holl  averaged 
a  larger  number  of  fin-rays  because  they  were  somewhat  older. 
If  there  is  an  increase  in  the  number  of  fin-rays  on  the  part 
of  the  older  specimens,  this  increase  can  be  readily  detected  by 
simply  comparing  the  average  number  of  fin-rays  of  the  younger 
with  the  average  number  of  fin-rays  of  the  older  fish.  Fifty- 
three  young  fishes,  less  than  10  inches  in  length,  have  a  mathe- 
matical average  of  66.1  dorsal  fin-rays.  Forty-seven  older 
fishes  from  the  same  locality,  all  over  10  inches  in  length, 
average  practically  the  same  number  of  fin-rays,  i.e.,  66.3.  In 
this  collection  of  100  fishes,  the  fourteen  smallest  have  a  greater 
average  number  of  fin-rays  than  the  fourteen  largest.  There  is 
then  no  material  increase  in  the  number  of  fin-rays  with 
increase  in  age. 

(3)  It  may  be  that  the  variations  tabulated  in  Fig.  i  are  the 
result  of  environmental  conditions  expressed  upon  the  fry  and 
young  — acquired  characters  of  questionable  hereditary  value ; 
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i.e.,  it  may  be  that  the  fry  reared  at  Woods  Holl  would  attain 
to  a  larger  number  of  dorsal  fin-rays  than  the  same  fry  reared 
at  Waquoit. 

While  certain  experiments  that  the  writer  has  made  induce 
him  to  believe  that  these  variations  in  the  number  of  dorsal 
fin-rays  may  be  deep-seated  blastogenic  characters,  the  influ- 
ence of  the  environment,  even  if  it  should  affect  the  onto- 
genic  process,  cannot  vitiate  the  method,  for  if  it  is  insisted  that 
certain  external  influences  may  affect  the  fry  after  liberation 
from  the  hatchery,  and  the  results  of  these  influences  are 
expressed  by  a  change  in  the  fin-ray  formula,  it  must  also  be 
equally  true  that  the  more  extreme  and  unusual  environmental 
conditions  imposed  upon  the  still  younger  organism  while  within 
the  hatchery,  will  leave  their  stamp  also,  and  the  artificially 
hatched  fish  will  thus  present  some  peculiarity,  acquired  though 
it  may  be,  which  will  be  brought  out  by  the  plotting  of  "  curves 
of  distribution." 
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THE  BASAL  SEGMENTS  OF   THE    HEXAPOD  LEG. 

L.    B.    ^YALTON. 

At  the  base  of  each  leg  in  the  Hexapoda  are  a  series  of  seg- 
ments and  sclerites  which  enter  into  the  composition  and  serve 
as  a  support  of  the  appendage.  These  are  the  trochanter,  coxa 
gemima,  meron^  trochantin,  and  antecoxal  piece.  The  difficul- 
ties in  the  way  of  accounting  for  the  origin  of  these  segments 
and  homologizing  them  in  the  various  orders  have  caused  mor- 
phologists  more'or  less  trouble. 

By  reason  of  the  fusion  which  has  taken  place  between  the 
trochanter  and  femur  in  the  ]\Iyriopoda  and  Hexapoda,  many 
writers  on  insect  anatomy  hold  that  the  trochanter  is  merely  a 
portion  of  the  femur  which  has  in  some  manner  become  con- 
stricted so  as  to  form  an  apparent  but  not  an  actual  segment. 
The  fusion,  however,  between  the  two  parts  is  a  specialization 
acquired  during  the  later  embryonic  stages  of  development. ^ 
A  similar  case  of  ankylosis  is  often  noticeable  between  certain 
segments  of  the  appendages  in  Crustacea.  Bordage^  has 
advanced  the  theory,  from  observations  based  on  certain  Phas- 
mid^,  that  the  two  segments  have  become  coalesced  in  the 
Arthropoda  as  a  result  of  ecdysis.  Since  the  same  fusion, 
however,  is  very  pronounced  in  the  IMyriopoda,  particularly 
among  the  Diplopoda,  where  Verhoeff  *  believes  the  trochanter 

1  In  order  to  distinguish  between  these  two  parts,  which  have  been  confused 
under  the  name  "coxa,"  I  have  called  the  piece  articulating  with  the  trochanter 
coxa  genuina,  and  the  posterior  lateral  part  articulating  with  the  epimeron,  meron 
(from  M^y/xis  =  thigh),  since  its  lateral  margin  is  always  found  in  articulation  wnth 
the  epimeron. 

2  The  "two-jointed  trochanter"  of  Hymenoptera  [Terebrantia]  appears  to  be 
a  secondary  modification,  the  lower  part  ["  apophysis;'  Ratzeburg]  being  derived 
from  the  femur.     This  is  the  view  held  by  Sharp,  Camb.  Nat.  Hist.,  vol.  v,  p.  520. 

3  On  the  Probable  Mode  of  Formation  of  tlae  Fusion  between  the  Femur  and 
Trochanter  in  Arthropoda.  Coviptes  Rendus  de  la  Societe  de  Biologic,  tome  v,  No. 
28,  pp.  839-842,  1898.    Also  Ann.  and  Mag.  Nat.  Hist.,  vol.  iii,  pp.  159-162,  1899. 

*  Ein  Beitrag  zur  Kenntniss  der  Glomeriden.     1895. 
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is  in  many  cases  entirely  absent,  it  is  evident  that  it  is  a 
characteristic  of  a  primitive  stem  form,  and  has  not  arisen,  as 
Bordage  suggests,  from  an  "  ancestral  form  belonging  to  the 
existing  Phasmids  in  which  there  was  a  distinct  articulation 
between  the  two  consecutive  segments."  ^  In  addition  to 
ecdysis,  insisted  upon  by  Bordage,^  we  must  take  into  consid- 
eration various  other  selective  factors,  chief  among  which 
appear  to  have  been  mutilations  by  enemies.  The  severing  of 
the  segments,  which  resulted  from  either  factor,  would  prob- 


FiG.  I.  —  Panorpa  communis.     Metathorax :  c,  coxa  genuina ;  m,  meron  ;  eps,  episternum  ;  ep}n, 
epimeron  ;  ap,  antecoxal  piece  ;  s,  sternum  ;  t  (?),  trochantin  ;  tr,  trochanter;  y,  femur. 

ably  occur  near  the  base  of  the  appendage,  and  the  favored 
forms  would  be  those  in  which  the  two  segments  were 
approaching  the  fused  condition,  the  invagination  of  the 
chitinous  wall  preventing  undue  hemorrhage.  Autotomy, 
which  Bordage  so  fully  explains,  would  undoubtedly  play  an 
important  part  here.      It  also  appears  advantageous   to   poly- 

1  I  have  adopted  the  translation  as  given  by  Austen. 

2  The  position  of  Bordage  in  regard  to  the  manner  in  which  the  fusion  has 
come  about  is  clearly  on  the  side  of  Neo-Lamarckianism,  since  he  attributes  it  to 
"  a  mechanical  strain,"  and  says  that  it  is  an  "  example  of  a  character  acquired  by 
use  .  .  .  and  then  transmitted  by  heredity."  This  conclusion,  however,  as  I  have 
endeavored  to  show,  seems  unwarranted. 
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podial  forms  that  a  series  of  the  appendages  move  more  or  less 
in  unison,  and  it  is  obvious  that  such  rhythmic  motion  is  better 
maintained  with  the  articulation  of  a  coxa  and  trochanter  alone 
than  with  an  additional  articulation  between  the  trochanter 
and  femur.  This  may  be  a  factor  in  accounting  for  the  more 
pronounced  fusion  of  the  two  segments  in  the  Diplopoda. 

In  1893  Hansen^  endeavored  to  homologize  the  trochanter 
of  the  Hexapoda  with  the  ischiopodite  in  Crustacea.  This 
homology  was  based  on  the  supposition  that  the  part  assumed 
by  him  to  be  the  trochantin  ^  in  the  Cicadaria  (Cicadidae,  Ful- 


FiG.  2. — Hydrophibis  triangularis.     Mesothoracic  coxa. 

goridae,  Cixidae,  etc.)  was  the  homologue  of  the  coxopodite  in 
Crustacea.  In  referring  to  Machilis,  he  has  considered  the 
trochantin  of  the  prothoracic  coxa  as  a  primary  segment,  homol- 
ogous with  the  coxopodite.  From  com.parisons,  however,  with 
both  Chilopoda  and  Diplopoda,  we  would  regard  the  trochantin 
rather  as  a  specialized  character  of  the  Hexapoda,  which  is 
absent  in  the  Crustacea.  Homologies  based  upon  the  form  of 
the  segment  and  manner  of  articulation  certainly  appear  ques- 


1  Zur    Morphologie    der    Gliedmassen    und    Mundtheile   bei    Crustacean    und 
Insecten.     Zool.  Anz.,  pp.  193-198,  201-212,  1893. 

2  It  seems  probable  that  Hansen  has  here  applied  the  name  "  trochantin  "  to 
the  antecoxal  piece  and   trochantin  together. 
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tionable,  since  pronounced   variations  often  occur  within  the 
limits  of  a  single  group.^ 

Until  a  closer  relationship  can  be  shown  in  the  lines  of  de- 
scent of  the  two  groups,  Hexapoda  and  Crustacea,  it  would 
seem  that  an  attempt    to    homologize    the    segments    of    the 

appendages  would  scarcely 
be  justified.  For  the  time 
being,  we  must  assume  that 
the  segmentation  of  an  ap- 
pendage is  a  result  brought 
about  by  certain  indefinite 
factors,  and  that  in  these 
groups  it  does  not  neces- 
sarily imply  a  phylogenetic 
relationship. 

That  the  trochanter  of  the 
Myriopoda  and  Hexapoda 
represents  a  distinct  seg- 
ment seems  obvious,  and 
that  its  fusion  with  the 
femur  took  place  in  some 
ancestral  myriopod-like  form  appears  probable. 

Three  sclerites,  as  a  rule,  enter  into  the  composition  of  the 
segment  to  which  the  name  coxa  is  given,  vi::.,  coxa  genuina, 
meron,  and  trochantin.  Audouin  ^  applied  the  name  "  trochan- 
tin  "  ^  to  the  lateral  margin  of  the  posterior  coxa  (meron)  in 
Dytisais  circiiviflexiis ,  erroneously  believing  it  homologous  with 
the  trochantin  on  the  anterior  and  mesal  coxae '^  of  Buprestis 

1  Compare  Arachnida,  or,  in  Coleoptera,  the  metathoracic  coxa  of  Dytiscus  and 
Hydrophilus. 

2  Recherches  anatomiques  sur  le  thorax  des  animaux  articules  et  celui  des 
insectes  hexapodes  en  particulier.     Anti.  Sci.  Nat.,  tome  i,  p.  125,  1824. 

8  This  word  had  been  previously  used  by  Chaussier  [Littre,  Diet,  de  Medecine, 
p.  1632]  during  the  latter  part  of  the  eighteenth  century  to  designate  a  small 
process  on  the  upper  part  of  the  femur  in  the  human  skeleton.  From  the  note 
Audouin  appends,  he  evidently  felt  some  constraint  in  conforming  to  the  custom 
of  transferring  such  terms  to  invertebrate  anatomy  when  no  homologies  could  be 
demonstrated. 

*  In  the  metathorax  of  the  Coleoptera  the  trochantin  has  been  lost  through 
specialization,  although  traces  of  it  are  noticeable  among  many  forms  (Hydro- 
philus, certain  Cerambycidae,  etc.). 


Fig.  3.  —  Pomponia  iniperatoria.  Metathoracic 
coxa ;  X,  area  formed  by  development  of  coxal 
groove  [Fig.  4  r]  and  corresponding  to  lateral 
portion  of  c.  Fig.  4. 
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gigas,  which  he  subsequently  mentions. ^  Later,  in  his  contri- 
bution to  Cuvier's  "  Le  Regne  Animal,"  he  figures  the  pro- 
thoracic  trochantin  of  Oryctes  nasicornis.  The  present  confused 
terminology  of  these  segments  is  due  to  the  preceding  error 
of  Audouin.  Newport  ^  made  a  somewhat  similar  error  by 
describing  the  anterior  margin  of  the  coxa  {coxa  geimma)  in 
Hydrous  picetis,  as  the  metathoracic  trochantin.  Among  the 
recent  writers  on  insect  anatomy,  Packard  ^  confuses  the  tro- 
chantin with  the  meron; 
Miall  and  Denny  ^  hold 
that  the  occurrence  of 
the  joint  applied  to  the 
coxa  (trochantin)  "  is  so 
partial "  that  it  need 
scarcely  be  taken  into 
consideration  ;  Sharp  * 
believes  with  Packard 
that  the  posterior  part 
of  the  coxa  (meron)  in 
Panorpa  represents  the 
trochantin  ;  while  Com- 
stock,^  in  a  description 
of  the  metathorax  in 
Etichrojnia  gigajitea, 
agrees  essentially  with 
the  preceding,  although  he  correctly  figures  the  trochantin  of 
the   prothorax   and   mesothorax.       Lowne  '    regards  the   piece 

1  fitude  de  la  poitrine  ou  des  pattes  inferieures  et  laterales  du  mesothorax. 
An7t.  Sci.  Nat.,  tome  i,  p.  426,  1824.  This  is  merely  a  continuation  of  Recherches 
anatomiques. 

2  Todd's  Cyclopedia  of  Anatomy  and  Physiology,  p.  916,  1835-59- 

3  Systematic  Position  of  the  Orthoptera  in  Relation  to  the  Orders  of  Insects. 
Third  Report  U.S.  Efit.  Com.,  1880-82.     A  Text-Book  0/ Etttomology,  p.  95,  1898. 

*  The  Structure  and  Life  History  of  the  Cockroach,  p.  61,  1886. 

5  Camb.  Nat.  Hist.,  vol.  v,  p.  104,  1895. 

0  Manual  for  the  Study  of  Insects,  p.  504,  1895.  It  was  due  to  Professor  Corn- 
stock's  suggestion  of  a  possible  error  in  considering  the  lateral  margin  of  the  meta- 
thoracic coxa  of  Euchromia  as  the  actual  homologue  of  the  mesothoracic 
trochantin,  that  the  study  leading  to  this  paper  was  commenced. 

T  The  Anatomy,  Physiology,  Morphology,  and  Development  of  the  Blow-Fly, 
vol.  i,  p.  179,  1890-92. 


Fig.  4.  —  Periplaneta  orientalis.     Metathorax;   i:',  coxal 
groove  formed  for  reception  of  femur. 
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termed  by  him  " epitrochlea "  ^  as  "certainly  the  trochantin  of 
Audouin,"  ignoring  his  previous  suggestion  that  one  should 
adhere  to  the  rule  of  priority.  Several  other  writers,  notably 
Latzel  (Chilopoda),  Comstock  and  Kellogg  (Lepidoptera),  and 
Kolbe  (Lepidoptera,  Trichoptera,  and  Panorpa),  have  mentioned 
the  existence  of  an  apparent  suture  in  the  coxa  of  certain 
groups  under  consideration,  but  without  attempting  to  discuss 
its  meaning. 

Immediately  in  front  of  the  metathoracic  coxa,  particularly 
among    the  Coleoptera,  a  small  sclerite  is  discernible,  which 

bears  the  name  of  ante- 
coxal  piece.  This  is  also 
well  shown  in  Cicada, 
some  species  of  which 
{Cicada  dorsata)  possess 
a  piece  homologous  with 
that  found  in  the  Cole- 
optera ;  while  in  others 
{Cicada  tibiceti)^  instead 
of  being  chitinized,  the 
part  is  often  membrana- 
ceous in  structure,  and 
serves  to  retain  the  coxa 
more  firmly  in  the  coxal 
cavities,  thus  indicating 
its  origin  ;  and  the  pres- 
ence of  a  homologous  piece  in  the  mesothorax  of  many 
Coleoptera  (Passalus,  etc.),  occurring  at  the  same  time  with  the 
trochantin,  proves  that  it  is  distinct  from  the  latter. 

The  origift  of  the  three  pieces,  coxa  geiuiina,  meron,  and 
trochantin,  the  relative  positions  of  which  are  shown  in  the 
accompanying  figures,  is  more  difficult  of  explanation.  A 
striking  characteristic  of  the  Hexapoda  and  Chilopoda  is  the 
more  or  less  complete  fusion  of  the  first  two  {coxa  gcjmina  and 
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Fig.  5.  —  Scutigera  sp.     Coxa  showing  fusion  of  coxa 
genuina  and  meron. 


1  The  homology  of  this  with  the  trochantin  appears  doubtful. 

2  Although  a  good  series  was  examined  in  which  the  other  sclerites  were  well 
chitinized,  the  absence  of  chitinization  in  the  antecoxal  piece  may  be  the  result  of 
immaturity.     This,  however,  would  not  alter  the  conclusion. 
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meron)  into  the  so-called  coxa.  Theoretically  the  episternum  ^ 
and  epimeron  may  be  regarded  as  corresponding  basal  seg- 
ments of  these  fused  pieces,  and  taking  into  consideration  the 
apparent  absence  of  a  piece  homologous  with  the  meron  in  the 
Diplopoda,  we  are  led  to  the  interesting  inference  that  this 
group  represents  a  class  in  which  eacJi  primitive  metamere 
bears  a  pair  of  appendages,  while  the  Chilopoda  and  Hexapoda 
represent  a  widely  divergent  class,  in  which  two  primitive 
metameres  have  attained  a  more  com- 
plete fusion,'^  the  rudimentary  append- 
age belo7tging  to  each  posterior  segment 
fusing  with  the  base  of  t J le functional 
appendage  belonging  to  the  anterior 
metamere?  The  posterior  appendage 
would  then  be  represented  by  the 
meron  and  epimeron.*  In  this  case 
we  can  refer  the  origin  of  coxa  genu- 
ina  and  episternum,  as  well  as  the 
meron  and  epimeron,  to  the  same 
causes  which  produce  segmentation 
in  the  appendage.  The  trochantin 
appears  to  be  nothing  more  than  a 
part  of  the  antecoxal  piece,  a  lateral 
prolongation  of  which  became  con- 
stricted off  in  a  primitive  form. 
Again  we  are  confronted  with  the 
question  as  to  the  origin  of  the  ap- 
pendages in  the  Arthropoda,  whether  they  are  ventral  or  dorsal 
parapodia,  or  a  fusion  of  the  two,  as  in  Nereis,  or  whether  the 

1  Frequently  the  episternum  appears  to  be  cut  off  from  the  coxa  by  the  sternum 
or  by  the  trochantin,  but  in  such  cases  the  coxa  is  usually  prolonged  internally,  so 
that  it  meets  the  episternum. 

2  At  present  there  appears  to  be  better  evidence  for  believing  that  these  pieces 
indicate  a  fusion  of  the  segments  than  to  hold  that  an  exopodite  and  entopodite 
are  represented.  ^ 

8  A  study  of  the  position  and  homologies  of  certain  of  the  pleural  and  dorsal 
sclerites  in  Hexapoda  and  Chilopoda  appears  to  confirm  this  inference. 

*  While  thus  far  the  majority  of  embryological  evidence  appears  to  be  against 
this  view,  it  seems  possible  that  secondary  modifications  have  caused  a  misinter- 
pretation of  the  lines  of  descent. 


XI5 


Fig.  6.  —  Larva  of  Phrygatiea.  Meso- 
thorax,  showing  early  indications 
of  coxa  genuina  and  episternum  fus- 
ing with  meron  and  epimeron. 
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origin  was  entirely  independent  of  the  parapodia.  A  study  of 
Peripatus  appears  to  throw  no  light  on  the  subject  under  dis- 
cussion, beyond  indicating  that  in  using  the  term  "  primitive 
metamere  "  we  must  not  exclude  the  idea  that  such  a  metamere 
may  in  turn  represent  a  fusion  of  an  indefinite  number  of 
annuli.  Evidence  is  thus  added  to  a  segment-fusion  theory 
rather  than  to  the  biramose  theory. 

While  it  appears  possible  that  the  exopodite  and  entopodite 
in  Crustacea  may  have  developed  from  dorsal  and  ventral  para- 
podia, in  direct  contrast  to  the  manner  indicated  above  for  the 
Chilopoda  and  Hexapoda,  further  study  may  show  a  common 
origin  of  the  two  processes. 

Summary. 

In  Hexapoda  and  Chilopoda  the  "coxa"  is  composed  of  two 
more  or  less  fused  segments,  coxa  gcimina  and  meron. 

The  antecoxal  piece  results  from  the  chitinization  of  the 
membrane  connecting  the  coxa  with  the  sternum. 

The  trochantin  probably  originated  from  a  lateral  portion  of 
the  same  membrane. 

Audouin  erroneously  homologized  the  lateral  margin  of  the 
posterior  coxa  in  Dytisciis  circ7imflexns  with  the  trochantin  of 
the  prothorax  and  mesothorax. 

The  trochanter  represents  a  distinct  segment  of  the  legs. 

The  meron  and  coxa  gcniiina,  together  with  their  corre- 
sponding basal  segments  epimeron  and  episternum,  give  evi- 
dence of  a  fusion  between  two  primary  metameres  in  the 
Hexapoda  and  Chilopoda. 

In  Hexapoda  and  Chilopoda  the  anterior  metamere  bears  the 
functional,  and  the  posterior,  the  rudimentary  leg. 

Of  the  primitive  Hexapoda,  Neuroptera  [Planipennia]  exhibit 
the  most  generalized  condition  in  the  development  of  the  coxa, 
while  in  Thysanura  and  Orthoptera  a  high  degree  of  speciali- 
zation is  shown. 

A.NATOMICAL    LABORATORY,  BrOWN    UNIVERSITY. 
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THE    WORK  AT  THE  BIOLOGICAL   LABORA- 
TORY OF  THE  U.  S.  FISH  C03IMIS8I0N 
AT  WOODS  HOLL. 

Three  months  ago  the  United  States 
Fish  Commission  announced  that  its  Bio- 
logical Laboratory  would  be  reopened ;  that 
it  would  be  equipped  for  investigation  ;  that 
men  of  science  would  be  welcome,  and  that 
every  effort  would  be  made  to  collect  all 
needed  material,  and  to  furnish,  within  cer- 
tain limits,  all  necessary  instruments  and  ap- 
paratus for  research.  The  Station  is  the 
most  extensive  plant  for  the  study  of  marine 
life  and  practical  fish-culture  in  the  world. 
There  are  four  buildings  :  The  Hatchery, 
Laboratory  and  Aquarium  ;  the  Residence ; 
the  Shops  and  Store  House  ;  and  the  Power 
House.  It  is  in  possession  of  a  small  fleet 
of  steam  and  sailing  vessels,  and  by  special 
enactment  the  officers  are  empowered  to 
use,  at  their  discretion,  any  means  for  the 
capture  of  fish  or  other  marine  organisms. 

The  Commission  has  refurnished  the  Bi- 
ological Laboratory  and  added  ten  new 
rooms  for  research.  It  has  equipped  a 
laboratory  for  physiology.  It  has  pur- 
chased a  bacteriological  outfit,  and  a 
creditable  library  of  biology  and  fish- 
culture  has  been  installed.  Two  steam 
launches  and  the  schooner  Grampus  have 
been  attached  to  the  Station,  several  fine- 
mesh  seines,  trawls  and  tow-nets  have 
been  purchased,  and  a  large  fish-trap  has 
been  placed  at  a  favorable  locality. 

From  the  day  of  the  opening  of  the 
laboratory,  April  1st,  several  tables  have 
been  continuously  occupied,  and,  at  the 
present  time,  the  scientific  force  numbers 


twenty-four.  Several  have  expressed  the 
desire  of  extending  their  work  during  the 
autumn  and  winter  months,  and  it  is  pro- 
posed to  keep  the  laboratory  open  through- 
out the  year. 

The  Commission  does  not  attempt  to  in- 
struct or  to  dictate  as  to  what  lines  of  re- 
search are  to  be  pursued,  how  the  work 
shall  be  carried  on,  or  where  the  results 
shall  be  published.  It  is  convinced  that  all 
lines  of  biological  research  are  indirectly, 
if  not  also  directly,  helpful  to  its  more  im- 
mediately practical  work,  and  it  happens 
that  fully  one-half  of  the  investigators  are 
now  busy  with  problems  bearing  directly 
upon  the  anatomy,  embryology,  physiology 
and  pathology  of  fish.  The  large  corps  of 
collaborators  has  made  it  possible  to  secure 
definite  data  respecting  the  breeding  habits 
of  many  marine  forms.  The  floating- fauna 
has  been  systematically  examined;  valuable 
information  has  been  gained  respecting  the 
larval  life  of  the  star-fish,  the  develop- 
mental stages  of  the  clam,  the  rate  of 
growth  of  the  scallops,  the  causes  of  mor- 
tality of  lobster  fry,  and  the  pathogenic 
bacteria  infesting  fish. 

With  the  cooperation  of  the  Marine  Bi- 
ological Laboratory,  it  is  proposed  to  make 
a  series  of  synchronous  observations  on  the 
temperature  and  floating  fauna  of  Vineyard 
Sound.  The  combined  vessels  of  the  two 
laboratories  provide  a  sufiiciently  large 
fleet  to  make  these  observations  of  special 
interest.  It  is  also  proposed  to  resume 
again  the  deep-sea  work  begun  by  the  Com- 
mission many  years  ago,  though  the  tem- 
porary use  of  the  Fish  Hawk  by  the  United 
States  navy  will  prevent  the  work  from 
being  undertaken  the  present  season. 

H.  C.  BuMPUs. 
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THE  BREEDING  OF  ANIMALS  AT  WOODS  HOLL 
DURING  THE  MONTH  OF  MARCH,  1898. 

Through  the  courtesy  of  the  United  States 
Commissioner  of  Fish  and  Fisheries,  several 
naturalists  have  been  enabled  to  make  use 
of  the  equipment  of  the  Biological  Station 
at  Woods  Holl  during  the  past  month,  and 
the  following  notes  may  be  of  interest  to 
those  who  contemplate  pursuing  lines  of  in- 
vestigation at  either  of  the  marine  labora- 
tories : 

The  water  has  swarmed  with  animal  life, 
and  many  forms  rarely  or  never  captured 
during  the  warmer  months  have  been  found 
in  abundance.  Breeding  animals  have 
yielded  rare  embryological  material,  and  all 
forms  of  life  have  had  great  vitalitj'^,  due 
probably  to  the  low  temperature  of  the 
water.  The  temperature  of  the  water  has 
ranged  from  38  F.  at  the  beginning  of  the 
month  to  43  F.  on  the  30th.  Its  specific 
gravity  has  varied  from  1.0232  to  1.0236. 

Among  vertebrates  the  winter  flatfish 
(P.  aviericanus)  has  been  taken  in  large 
numbers,  and  spawning  individuals  have 
yielded  an  abundance  of  embryos  and 
young.  The  clustered  eggs  of  the  small 
sculpin  (Acanthocottus  ceneiis)  have  been 
taken  from  nets  and  from  sea- weed,  and 
the  young  have  been  conspicuous  in  the 
Auftrieb.  The  surface  towings  have  also 
yielded  young  of  the  common  cod  (  .,  .  cal- 
larias),  eggs  of  which  were  hatched  at  the 
Station  during  the  earlier  portions  of  the 
month.     Young  cod,  from  one-half  to  three- 


fourths  of  an  inch  in  length,  have  been 
found  feeding  exclusively  upon  Copepods, 
and  associated  with  them  were  the  some- 
what larger  pollock  (Pollachius  virens) .  The 
Gadidse  have  also  been  represented  by  nu- 
merous adult*  frostfish'  (3Iicrogadtis  tomcod) , 
though  the  breeding  period  of  this  species 
is  in  December.  The  young  of  the  sand- 
launce  (^Ammodytes  americanus) ,  from  one- 
half  to  one  inch  in  length,  and  of  the  eel 
{A.  chrysypa),  from  two  to  two  and  one-half 
inches  in  length,  have  also  been  taken.  The 
pipe-fish  (Siphostoma  fuscum)  was  not  exam- 
ined, though  it  was  found  in  Narragansett 
Bay  with  eggs  and  with  young  March  22, 
1897. 

The  '  ale  wife '  or  spring  herring  (Pomolo- 
bus  pseiidoharengtcs)  has  begun  to  enter  the 
fresh-water  streams  from  the  sea,  though  it 
has  not  yet  begun  to  deposit  its  eggs. 

Several  Crustacea  are  already  breeding. 
The  green  crab  (  Cardnus  gramdatus)  is  car- 
rying about  its  orange-colored  clusters,  and 
Mysis  has  its  brood-pouches  distended  with 
embryos.  Several  species  of  Amphipods 
bear  eggs.  One  of  these  is  a  large  light- 
colored  species,  apparently  in  the  height  of 
its  breeding  season;  thousands  have  been 
captured  in  small  traps  baited  with  fish. 
Associated  with  this  amphipod  and  cap- 
tured in  the  same  manner,  though  not 
breeding,  were  numerous  examples  of  the 
Isopod,  Cirolana  conchamm.  Enormous, 
bright-colored  Caprellas  were  dredged  in 
the  '  Sound,'  and  many  eggs  were  taken. 
Crangon  mdgaris  is  breeding,  of  course,  and 
it  would  be  interesting  to  learn  when  this 
species  is  not  pregnant.  Palce^nonetes  md- 
garis, Virbiiis  zostericola  and  Hippolyte  pusiola 
have  been  frequently  taken,  the  latter  with 


eggs.  The  Eupagurids  {E.  Bernhardiis,  E. 
longicarjms,  E.  policaris  aud  E.  annulipes), 
though  showing  enlarged  ovaries  through 
their  transparent  body-walls,  have  not  ex- 
truded their  eggs.  The  same  may  be  said 
of  Gebia  affinis  and  Callianassa  stimpsoni, 
many  individuals  of  which  were  taken  in 
Narragansett  Bay  on  March  8th,  of  the 
present  year. 

Limulus  has  not  yet  approached  the 
shore,  though  a  single  specimen  was  taken 
in  a  fyke-net  at  Waquoit  on  March  25th. 
No  Cirriped  larvae  have  been  taken.  On 
January  3,  16  and  22,  1896,  great 
numbers  of  these  nauplii  were  taken  at 
Bristol  Narrows,  R.  I.,  and  on  February 
14th  they  were  still  common,  though  not 
so  abundant.  Of  course,  Copepods  have 
formed  a  large  proportion  of  the  organisms 
taken  at  the  surface,  and  they  appear  to  be 
even  more  abundant  than  during  the  sum- 
mer months.  Volumetric  data  respecting 
the  Plankton  are  much  desired,  though  the 
eflBciency  of  the  ordinary  methods  for  se- 
curing Plankton  will  be  materially  affected 
by  the  annoying  presence  of  a  gelatinous 
alga,  which  quickly  renders  the  net  all  but 
useless. 

Vermes. — Having  seen  myriads  of  Nereis 
virens  swimming  in  the  shallow  water  of 
the  shores  of  Narragansett  Bay,  and  hav- 
ing collected  several  hundred  specimens  on 
March  23, 1897,  when  the  water  was  actu- 
ally colored  with  the  extruded  eggs  and 
spermatozoa,  we  were  not  surprised  to  find 
several  individuals  swimming  about  at 
Woods  Holl.  The  eggs  of  this  species 
have  not  been  carefully  studied,  though 
they  offer  some  interesting  features  to  those 
at  work   upon  cell-lineage.     Specimens  of 


immature  eggs  were  taken  on  January 
29,  1896,  and  at  Bristol  Narrows  on 
March  26th  of  the  same  year  tliere  were 
scores  of  '  spent '  males.  The  height  of 
the  breeding  season,  then,  is  probably  dur- 
ing the  earlier  and  middle  portions  of  the 
month  of  March.  Annelid  larvae  of  other 
species  have  been  abundantly  taken  both 
in  Januar}^  and  in  February. 

Heteronereis  limhata  was  found  at  Woods 
Holl,  swimming  about  on  the  surface,  in 
broad  daylight.  The  males,  on  examina- 
tion, proved  ripe.  Autolytus  cornutus  was 
frequently  taken  with  eggs,  and  Harmothoe 
and  Lepidonotus  appeared  to  be  almost  ripe. 
Chcetopterus,  Rhynchobolus,  Maldane,  Sthene- 
lais,  Trophonia,  Clymenella,  and  Phascolosoma 
were  collected,  but  not  in  sufl&cient  num- 
bers to  definitely  determine  their  sexual 
condition.  Sagitta  was  excessively  abun- 
dant, and  the  large  clear  eggs  could  easily 
be  seen  through  the  transparent  integu- 
ment. 

MoUusca.  —  Cephalopod  mollusks  have 
not  arrived,  and  time  has  not  permitted 
the  examination  of  the  Lamellibranchs. 
The  egg- capsules  of  the  smaller  Gastro- 
pods, so  abundant  later  in  the  season,  were 
conspicuous  by  their  absence.  Naked  mol- 
lusks of  gorgeous  coloring  were  dredged  in 
the  '  hole  '  and  'jound.'  Doto  coronata,  Eolis 
bostoniensis  and  Alderia  harvardiensis  were  the 
most  abundant  species  ;  the  two  latter  are 
breeding  in  the  laboratory. 

Echinoderms.  —  There  is  every  indication 
that  April  will  be  an  excellent  time  for  one 
who  wishes  to  secure  an  abundance  of  Echin- 
oderm  material,  either  for  embryological  or 
for  experimental  study.  The  star-fish  are 
approaching  sexual   maturity.     The  most 


attractive  eggs  are  those  of  the  '  sand-dol- 
lars'  (Echinarachnius  parma).  Bushels  of 
this  echinoid  were  dredged  off  Quick's 
Hole.  The  eggs  readily  fertilize  and  de- 
velop normally.  The  first  cleavage  oc- 
curred two  hours  after  fertilization  ;  the 
gastrulation  occurred  in  from  30  to  36 
hours.  *  Plutei '  from  embryos  hatched  on 
March  22d  were  raised  without  difficulty, 
and  are  now,  at  the  end  of  the  month,  still 
living.  I  regret  that  observations  on  the 
breeding  habits  of  the  Holothurians  were 
not  made. 

Ccelenterates. — The  wealth  of  Coelentarete 
life  found  during  this  month  is  bewildering 
and  distracting.  Ctenopores  (adult  Mnemi- 
opsis  and  Pleurobrachia)  hydro-  and  scypho- 
medusse  abound.  The  Ephyra  and  young 
of  Aurelia  were  taken  at  Waquoit  in  count- 
less numbers  and  lived  in  the  laboratory 
from  the  16th  to  the  close  of  the  month. 
On  March  30th  the  calm  surface  of  the 
water  in  Great  Harbor  was  literally 
spangled  with  the  slightly  protruding  discs 
of  Cyanea.  The  piles  and  rock-work  of  the 
'  basin '  are  covered  with  breeding  '  Hy- 
droids  '  of  Cory^ie,  Clava  and  Parypha.  The 
dredge  has  brought  up  Sertularia  argentea, 
laden  with  eggs,  and,  most  beautiful  of  all, 
enormous  specimens  of  Tubularia  coidhouyi. 
The  expended  hydranths  of  this  species  are 
as  large  as  *  bachelor's  buttons, '  and  are 
borne  upon  a  stalk  several  inches  in  height. 
They  literally  droop  with  their  burden  of 
ripe  gohophores.  The  young  are  possessed 
of  remarkable  vitality  and  would  make 
excellent  material  for  experimental  work. 
Timaformosa,  though  abundant  in  Narragan- 
sett  Bay  from  Januarj^  to  March  in  1896, 
has  not  thus  far  been  seen  either  in  the 


'  Sound  '  or  in  Buzzards  Bay.  Metridmm, 
Sagartia,  Halcampa  and  Astrangia  have  been 
taken,  though  an  examination  of  their  re- 
productive glands  has  not  been  made. 
Grantia  is  not  abundant,  and  the  individuals 
collected  were  small  and  apparently  imma- 
ture. H.  C.  BuMPUs. 
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THE   BREEDING     OF  ANIMALS   AT    WOODS 

HOLL     DURING    THE   MONTH    OF 

APBIL,    1898. 

The  temperature  of  the  water  has  re- 
mained above  the  average  almost  through- 
out the  month.  During  the  first  week  the 
thermometer  registered  41  F.  to  42  F. ;  dure 
ing  the  last  week,  45  F.  to  46  F.  The 
specific  gravity  has  varied  from  1.0231  to 
1.0235.  The  weather  has  been  generally 
cloudy  and  the  temperature  of  the  atmos- 
phere low. 

Vertebrates.  —  The  winter  flatfish,  P. 
americanm,  ceased  spawning  early  in  the 
month,  and,  though  the  height  of  the  breed- 
ing season  was  in  March,  few  of  the  young 
flatfish  have  been  taken,  even  over  the 
natural  spawning  grounds.  Young  sculpin 
(A.  ceneus)  were  very  abundant  in  the  tow, 
especially  during  the  first  of  the  month. 
On  April  4th  a  very  large  number  were 
captured,  and  many  were  taken  on  the 
18th.  On  the  27th  a  few  more  were  taken 
which  apparently  had  just  hatched.  Small 
cod  and  pollock  have  been  frequently  cap- 
tured, and  the  latter  were  more  numerous 
than  in  March.  The  young  of  the  sand- 
launce  (A.  americanus)  have  diminished  in 
numbers  but  little  since  last  month,  though 
some  have  increased  considerably  in  size. 
On  the  17th  an  unusually  large  number 
were  taken.  The  young  of  the  fall  herring 
{A.  harengus),  fi:'om  three-fourths  of  an  inch 
to  three  inches  in  length,  have  appeared  in 
increasing  numbers.     A  few  specimens  of 


Ctenolahrvs  were  examined  on  April  19th, 
but  the  sexual  glands,  though  quite  large, 
were  not  nearly  mature.  Petromyzon  has 
been  taken  in  the  fish  traps,  and  may  be 
seen  frequently  in  the  markets. 

Crustacea. — The  small  species  of  Gam- 
mamis,  abundant  in  the  tow  during  March, 
are  still  breeding.  Their  appearance,  from 
day  to  day,  is  uncertain.  One  day  there 
may  be  only  four  or  five  in  the  net,  and  the 
next  day  hundreds  may  be  captured.  A 
small  species  of  Mysis,  about  one-half  inch 
in  length,  has  been  abundant,  and  the 
brood-pouches  have  been  filled  with  eggs  or 
embryos.  A  larger  species,  bearing  well  de- 
veloped embryos,  was  abundantly  taken 
during  the  first  two  or  three  weeks.  The 
red  copepod,  the  favorite  food  of  the  young 
cod,  sculpin  and  sand  launce,  has  been 
present  in  great  numbers.  A  few  were 
caught  at  every  haul  of  the  skimming-net, 
and  frequently  great  numbers  were  taken. 
Their  sudden  appearance  and  disappear- 
ance is  very  puzzling.  Dr.  Loeb  has  shown 
that  in  the  aquaria  they  are  positively  or 
negatively  heliotropic,  according  to  the 
temperature,  but  I  find  that  when  first 
transferred  from  the  surface-net  into  a  dish 
a  large  minority  become  negatively  helio- 
tropic, though,  of  course,  all  are  subjected  to 
temperature  of  the  ocean.  Many  other 
species  of  copepods  were  caught,  though 
not  in  great  abundance.  Some  were  bear- 
ing eggs  attached  to  the  abdominal  append- 
ages. A  small  parasitic  copepod  is  very 
frequently  found  attached  to  the  young  cod, 
sand  launce  and  sculpin.  Perhaps  one- 
third  of  these  fish  are  thus  infested.  The 
isopod  {Cirolana  concharum)  was  not  breed- 
ing   on    April    26th,   and  the   associated 
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amphipod  had  apparently  passed  its  breed- 
ing season.  Hippa  has  not  begun  to  lay, 
though  the  ovaries  are  full  of  large  brill- 
iantly-colored eggs.  They  have  been  found 
breeding  in  July. 

Vermes. — No  Nereis  virens  or  Nereis  lim- 
bata  have  been  seen  at  the  surface.  Auto- 
lytus,  with  egg- clusters  attached,  were  regu- 
larly taken  in  the  tow,  usually  three  or 
four  at  a  time,  during  the  earlier  portions 
of  the  month.  Later  in  the  month  only  a 
few  were  noticed.  An  interesting  species 
of  Syllis  has  been  taken  from  among  the 
hydroids  and  algse  on  several  occasions. 
These  annelids  are  in  almost  every  case 
about  to  undergo  fission.  The  new  head  is 
found  in  all  stages  of  development  in  the 
midst  of  the  trunk  metameres.  The  eyes 
on  the  new  head  are  large  and  brown, 
while  those  on  the  first  segment  are  small 
and  black.  These  annelids  are  full  of  ma- 
ture eggs,  which,  in  some  instances  at 
least,  occupy  the  body-cavity  both  in  front 
of  and  behind  the  new  head.  A  light, 
cream-colored  terebellid,  full  of  eggs,  has 
been  taken  from  time  to  time,  and  was  also 
taken  during  March.  It  is  almost  invari- 
ably present  in  clusters  of  the  hydroid 
Parypha,  along  with  one  or  two  species  of 
Caprella,  Eolis  and  the  little  gasterpod 
Astyris.  Harmothoe  sp.  has  commonly 
been  found  under  stones  and  among  hy- 
droids, laden  with  beautiful  pink  eggs, 
which  show  clearly  through  the  body- wall. 
On  April  11th  the  eggs,  teased  from  the 
body  cavity,  were  easily  fertilized,  and  in 
less  than  two  hours  some  had  reached  the 
eight-cell  stage ;  specimens  taken  April 
17th  were  also  full  of  eggs.  The  common 
Lepidonotus  has  been  laying  during  the  last 


two  weeks.  Cirratulus  grandis,  collected  at 
Earn  Island,  April  9tli,  and  at  Pine  Island, 
April  17th,  contained  great  numbers  of 
eggs,  apparently  nearly  ripe,  though  an  at- 
tempt at  artificial  fertilization  was  not  suc- 
cessful. Some  of  the  spermatozoa  were 
motile,  but  the  male  worms  did  not  have 
the  bright  orange  color  which  characterizes 
them  in  the  height  of  the  breeding  season, 
early  in  Jul 3%  Sagitta,  though  numerous, 
has  been  less  abundant  than  in  March. 
The  specimens  are  much  larger  than  those 
found  during  the  summer  months,  and  are 
filled  with  eggs.  During  the  last  week 
there  has  been  a  notable  decrease  in  their 
numbers,  and  small  individuals,  less  than 
one-half  inch  in  length,  have  been  fre- 
quently noted. 

Mollusks. — A  few  egg-strings  of  Sycotypus 
and  Fulgar,  containing  well-formed  shells, 
have  been  taken  at  various  localities  along 
the  shore.  Urosalpinx  has  not  begun  to 
breed.  Young  '  veligers '  of  Crepidula  for- 
nicata  were  found  in  the  egg-packets  on 
April  6th  and  on  April  17th,  though  speci- 
mens with  young  are  not  frequent.  The 
eggs  of  a  small  gasteropod  abounded  on 
the  stems  of  Parypha  during  the  entire 
month.  Five  species  of  nudibranchs,  belong- 
ing to  the  genus  Eolis,  have  laid  their  eggs 
in  the  aquaria.  The  hermaphrodite  gland 
of  Uolis  papulosa  contains  giant  erythrophil- 
ous  spermatozoa,  like  those  of  Pahidina  vivi- 
j)ara,  which  Auerbach  has  described.  Eggs 
of  Ilyanassa  were  found  April  25th  and  27th. 
The  '  sand  collars '  of  Natica  were  found  at 
Hadley  Harbor,  April  25th. 

Echinoderms. — Echinorachnius  parma  has 
not  been  examined  since  the  early  part  of 
the  month,  when  it  was  breeding  abund- 


antly.     On  April  16th  the  plutei,  developed 
from  eggs    fertilized   on  March  22  d,  were 
still   living  in  the  aquaria.     Eggs  of  this 
species  have  also  been  obtained  in  June  and 
July.     It  is  a  remarkable  fact  that,  though 
neither  Asterias  vulgaris  nor  Astej-ias  forbesii 
at  Woods   Holl   contain  ripe  sexual  prod- 
ucts, those  of  the  latter  species  in  certain 
parts  of  Narragansett  Bay  have  been  full, 
almost  to  bursting,  of  eggs  and  spermatozoa 
since  the  early  part  of  April.     The  holo- 
thurians    Thyone,    Leptosynapta  giradii  and 
L.  roseola,  were  examined  April  24th,  and 
were  all  full  of  nearly  ripe  eggs  or  sperm. 
Not  the  least  attractive  of  the  echinoderm 
eggs  are  those  of  the  little  starfish,  Cribrella 
sanguinolenta.     This   species  is  not  uncom- 
mon  at  "Woods  Holl,  and  the  eggs,  which 
were  frequently  laid  in  the  aquaria  during 
the  third  week  in  April,   are  as  large  as 
those  of  Clepsine  or  Sycotypus.  They  develop 
slowly,  reaching  the  two- cell  stage  in  about 
6  hours.     This  material  would  undoubtedly 
be  of  great  value  in  solving  problems  of 
cleavage  and  of  echinoderm  metamorphosis. 
Coelenterates.— The  profusion  of  coelen- 
terate  material  was  a  feature  of  every  col- 
lecting excursion  during  the  first  half  of  the 
oranth.     Hydromedusje  of  many  different 
species  were  abundant  in   the  tow  until 
about  the  17th  of  the   month,  and  since 
then  have  been  caught  in  small  numbers. 
Among  these,  Hybocodon  was  perhaps  the 
most  numerous,  although  Coryne  and  Tiar- 
(ypsis    has    been    taken    frequently.      Tima 
fomiosa,  abundant  in  1897  at  Newport,  has 
not  been  seen.     Hydroids  of  the  brilliantly 
colored    Coryne   occurred    in    colonies   that 
could  be  measured  by  the  square  yard,  and 
those  of  a  species  of  Campanularia  could  be 
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measured  by  the  square  rod.  On  April 
26th  the  Coryne  had  disintegrated.  The 
large  jellyfish,  Cyanea  ardica,  has  been  rep- 
resented throughout  the  month  by  speci- 
mens ranging  from  one-half  inch  to  seven 
and  eight  inches  in  diameter,  and  Ephyrce 
were  caught  as  late  as  the  21st.  On  April 
8th  the  water  at  Waquoit  was  full  of 
Aurelia,  most  of  the  specimens  being  from 
one  to  two  inches  in  diameter,  though  some 
were  much  larger.  Metridium  marginatum 
was  examined  on  the  18th,  and  was  found 
to  be  full  of  eggs,  apparently  nearly  mature. 
One  of  the  '  sulphur  sponges  '  was  observed 
to  extrude  clouds  of  spermatozoa  on  April 
10th. 

The  gelatinous  alga,  so  abundant  during 
March  and  the  first  half  of  April,  gradually 
diminished  in  quantity  after  the  17th,  and 
on  April  25  little  or  none  was  found  in  the 
nets.* 

A.  D.  Mead. 

*  The  Breeding  of  Animals  at  Woods  Holl  for  the 
month  of  llarch  was  published  in  '  Science,  '  April 
8,  1898. 
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THE    BREEDING    OF    ANIMALS   AT     WOODS 
HOLL  DURING  THE  MONTH  OF 

MAY,  1898. 

The  opening  of  the  Biological  Laboratory 
of  the  United  States  Fish  Commission 
made  it  possible  for  a  number  of  natural- 
ists to  work  at  Woods  Holl  during  the 
month  of  May,  and  it  is  hoped  that  the 
abundance  of  animal  life  may  attract 
others  to  the  shore  in  1899. 

The  temperature  of  the  water  during  the 
month  of  May  rapidly  rose  from  46  to  57 
F.     To    this   remarkable  physical  change 
both  the  fauna  and  flora  responded,  and 
the  biological  facies  were  materially  altered. 
Vertebrates.— The  winter  forms   gradu- 
ally disappeared  and  the  familiar  types  of 
the  warmer  months  began  to  arrive.     The 
lampreys    (^Petromyzon  marinus),   ripe  with 
eggs,  were  taken  during  the  latter  part  of 
the  month  at  East  Taunton.     Spiny  dog- 
fish (Squalus  acanthias)  were  taken  in  Vine- 
yard Sound,  and  Raja  ocellata  was  abundant 
throughout  the  month,   though    probably 
not  breeding.     The   transparent  young  of 
the  common  eel  were  frequently  taken  on 
the  surface  and  in  the  shallow  water.     The 
fishermen  say  that  the  adults  descend  the 
streams  while  the  alewives  are  passing  up. 
This  migration  to  the  sea  happens  about 
the   12th,  when  there  is  the  heaviest  run, 
although  many  may  be  taken  on  subsequent 
nights.     If  the  sky  is  clear  and  cloudless 
the  catch  is  never  so  large  as  when  dark 
and  stormy.     Late   in  the  month   several 


barrels  of  menhaden  (^Brevoortia  tyrannus) 
were  taken  at  Cuttyhunk,  while  throughout 
the  month  the  skimming-net  caught  multi- 
tudes of  young  herring  ( Clupea  harengus) . 
Fundulus  heterocUtus,  ripe  with  eggs,  was 
captured  in  great  numbers  at  Falmouth  on 
the  13th,  where  were  also  found  two  species 
of  stickleback  (^Gasterosteus  bispinosus  and 
Apeltes  quadracus),  both  sexually  mature. 
An  abundance  of  breeding  pipe  fish  (Si- 
phostoma  fuscum)  were  seined  from  eel-grass 
on  May  13th,  and  they  have  been  found, 
with  pouches  filled  with  eggs,  as  late  as 
July  13th.  The  first  mackerel  (Scomber 
scombrus)  was  taken  on  Maj^  3rd.  A  few 
butter-fish  (Rhombus  triacanthus)  were  taken 
in  a  trap  at  Cuttyhunk  on  the  11th,  though 
reported  at  "West  Dennis  on  the  5th.  They 
spawn  in  June. 

Among  the  Serranidse,  Roecus  lineatus  usu- 
ally arrives  in  May,  although  the  present 
year  we  did  not  secure  specific  data.  The 
white  perch  {Morone  americana)  spawns 
during  this  and  the  following  month,  and 
the  sea-bass  (  Cenfropristes  striatus),  first  seen 
on  the  10th,  was  taken  in  large  numbers 
on  the  12th.  It  spawns  in  June.  The 
scup  {Stenotomus  chrysops)  were  abundant  at 
Cuttyhunk  on  the  11th,  when  thirt}^  barrels 
were  taken.  It  is  said  to  spawn  early  in 
June.  The  squeteague  (Cynoscion  regalis), 
first  taken  in  April,  was  occasionally 
brought  to  the  station  in  May.  The  puffers 
(Spheroides  macxdatm)  appeared  during  the 
latter  part  of  the  month,  and  a  fine  lump- 
fish  (  Cyclopterus  lumpus)  was  also  captured. 
The  latter  is  said  to  breed  in  April.  The 
Gurnards  were  represented  by  both  Priono- 
tus  carolimis  and  Prionotus  strigatus.  It  is 
estimated  that  there    were  at    least   one 


thousand  in  the  trap  on  the  13th.  Speci- 
mens examined  on  the  16th  were  not  ripe, 
though  the  ovaries  were  large. 

The  Gadidse  abounded.  Beautiful  great 
pollock  were  almost  daily  brought  to  the 
laboratorj^ ;  cod  were  so  numerous  that  they 
found  no  market,  and  white  hake  (Phycis 
tenuu)  were  a  positive  annoyance  to  the 
fishermen.  When  so  many  inland  labora- 
tories are  inadequately  provided  with  ani- 
mals for  dissection  it  seems  a  great  pity 
that  hundreds  of  barrels  of  this  beautiful 
material  should  yearly  go  to  waste. 

Among  the  Pleuronectidfe  the  summer 
flounder  (Paralichthys  dentatus)  was  often 
taken.  The  four-spotted  flounder  (^Para- 
lichthys ohlongus)  and  the  window-pane 
(^Bothits  maeitlatus)  were  abundant.  Eggs 
of  the  four- spotted  flounder  were  ripe  in 
May,  and  have  been  hatched  in  the  Chester 
jars.  The  period  of  incubation  is  about 
eight  days.  The  eggs  of  the  window-pane 
are  of  about  the  same  size  as  those  of  P. 
oblongus  and  readilj^  fertilize.  The  good 
eggs  soon  rise  to  the  surface,  leaving  the 
immature  and  injured  eggs  at  the  bottom. 
The  sole  {Achirus  fasciatus)  was  apparent!}' 
ripe  the  latter  part  of  the  month.  Lophius 
was  abundantly  taken  from  the  *  Sound ' 
traps  on  the  shore  of  Marthas  Vineyard. 

Molgida  and  Ciona  were  ripe  throughout 
the  month. 

Crustacea. —  Gamviarus  annvlatus  occurred 
in  swarms.  The  tow-net  at  one  haul,  on  the 
16th,  contained  over  two  quarts,  and  the 
animals  were  so  numerous  that  in  places 
they  gave  a  distinct  color  to  the  water. 
Many  had  eggs.  On  the  23d  they  were 
only  occasionally  found.  Orchestia  agilis 
bears  eggs  in  May,  and  is,  of  course,  abun- 


dant.  "When  Cyanea  comes  to  Woods  Holl 
in  May,  it  is  often  accompanied  bj'  Hyperia  ; 
the  crustacean  bears  at  this  time  most 
beautiful  great  eggs,  almost  perfectly  trans- 
parent. On  May  6,  1892,  many  were  col- 
lected at  Woods  Holl,  and  on  June  8,  1893, 
they  were  abundant  in  Narragans ett  Bay. 
Idotea  was  found  at  Nahantwith  eggs,  May 
20,  1893. 

Schizopods,  adults  laden  with  eggs  and 
young,  were  daily  taken.  Lobsters  began 
to  hatch  on  the  16th,  and  thousands  were 
planted  in  Vineyard  Sound  during  the  lat- 
ter part  of  the  month.  Crangon  was  often 
heavy  with  young,  though  Palcemonetes  did 
not  deposit  its  eggs  until  the  latter  part  of 
the  month.  Eupagurus  longicarpus  was  found 
bearing  well- developed  eggs  on  May  9, 1890, 
and  on  May  16th  the  eyes  of  the  embryos 
could  be  seen.  Carcinus  granulatus  often  had 
eggs,  as  did  Gelasimus  and  Lihinia.  The 
crabzoea  were  first  taken  in  the  skimmings 
on  the  10th,  and  w^ere  abundant  on  the  11th. 
Hippa,  though  often  taken,  was  without 
eggs.  Pairs  of  Limuli  might  have  been  col- 
lected by  the  hundred. 

Vermes. — The  tow-net  brought  in  many 
surface  forms.  On  the  7th  Aidolyius  was 
taken,  but  without  eggs.  On  the  10th  sev- 
eral egg-bearing  individuals  were  noted, 
and  on  the  11th  Dr.  Mead  saw  a  male 
swim  about  like  an  excited  Nereis  limhata 
and  finally  fasten  to  one  of  the  females 
with  his  jaw.  Throughout  the  latter  por- 
tion of  the  month  Autolytus  was  taken  in 
abundance.  On  May  17th  swarms  of  Ter- 
rebellids  were  observed  to  migrate  from  the 
clusters  of  Paryjyha,  brought  to  the  labora- 
tory from  Quick's  Hole,  and  to  gather  on 
the  sides  of  the  aquaria.     Lepidonotus  bred 


throughout  the  first  half  of  the  month,  and 
ripe  females  have  been  found  as  early  as 
April  25th.  Dr.  Mead  informs  me  that  if 
the  females  are  captured  during  the  day 
they  will  deposit  their  eggs  at  about  6  p.  m. 
The  ripe  females  are  generally  greenish 
drab  on  the  lower  side,  while  the  males  are 
pinkish  white.  If  the  stagnant  water,  in 
which  the  animals  have  been  retained  dur- 
ing the  day,  is  replaced  by  fresh  sea- water 
the  eggs  or  sperm  will  be  seen  to  leave  the 
nephridial  openings  of  the  posterior  two- 
thirds  of  the  body  in  streams.  Since  the 
eggs  after  fertilization  settle  to  the  bottom, 
the  water  may  be  renewed  without  diffi- 
culty. The  embryos  swim  in  from  eight  to 
ten  hours  and  the  gastrula  stage  is  reached 
in  about  twenty  hours.  Harmothce,  found 
in  the  same  localities  as  Lepidonotus,  from 
which  it  is  distinguished  by  having  eigh- 
teen rather  than  twelve  pairs  of  scales, 
breeds  about  one  week  earlier.  The  eggs 
may  be  secured  and  fertilized  in  the  same 
way  as  those  of  Lepidonotus.  The  ripe 
females  are  bright  pink  on  the  lower  side. 
Dr.  Mead  found  Scolecolepis  viridis  and 
Clymenella  torquata  breeding  during  the  early 
part  of  May.  The  eggs  of  the  former  species 
are  found  in  the  sand-tubes ;  those  of  the 
latter  are  very  large,  but  difficult  to  secure 
because  of  the  shortness  of  the  breeding 
season.  Specimens  absolutely  ripe  extrude 
the  eggs  in  confinement,  but  if  not  abso- 
lutely ripe  the  eggs  degenerate  without  be- 
ing extruded.  Nereis  limbata  was  found 
swimming  on  the  surface  on  the  13th. 
Spirorbk  breeds  during  May,  and  the  fully 
formed  embryos  may  be  shaken  from  the 
Fucus,  to  which  the  adults  are  attached. 
Fine  large  egg-bearing  specimens  of  Sagitta 
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were  abundant  until  the  middle  of  the 
month. 

Dr.  E.  G.  Gardiner  reports  that  the  small 
acoelous  planarian,  Polychcerus  caudatus,  was 
repeatedly  found,  that  several  examples  of 
a  large  species  of  Monotus,  collected  near 
the  Laboratory,  laid  thousands  of  eggs  upon 
the  walls  of  the  glass  jars  in  which  they 
were  confined,  and  that  Plagiostomuvi  freely 
laid  in  captivity.  He  also  found  great 
numbers  of  Dinophilus. 

MoUusks. — The  squid  (Loligopealii)  made 
their  appearance  on  May  7th,  when  several 
hundred  were  taken  at  Hadley  Harbor. 
Many  eggs  in  early  stages  of  development 
were  found,  and  the  animals  occasionally 
laid  in  the  aquaria.  Artificial  fertilization  is 
easily  accomplished.  Many  squid  were 
taken  throughout  the  month,  and  one  egg- 
mass  found  attached  to  a  fish  trap  filled  a 
large  bucket.  Urosalpinx  was  found  breed- 
ing on  the  21st.  The  sand-collars  of  Lunatia 
were  frequently  brought  into  the  Labora- 
tory, and  naked  mollusks  often  deposited 
their  eggs  in  the  aquaria. 

Echinoderms. — On  May  10th  Echinar- 
achnuisparma  showed  no  sign  of  exhaustion  ; 
larvae  of  Cribrella  were  taken  in  the  tow- 
net,  and  the  Ophiurans,  abundant  at  North 
Falmouth,  contained  only  immature  eggs. 
An  earlier  note,  made  at  Nahant,  reports 
Ophiopholis  as  ripe  May  20,  1893. 

Coelenterates . — Pleurobrachia  rhododactyla 
was  not  abundant.  The  reproductive  ele- 
ments were  found  to  be  ripe  by  Dr. 
McMurrich  towards  the  end  of  May,  1890. 
Berce  was  taken  at  Newport,  R.  I.,  on  May 
7,  1896,  and  at  Bristol,  R.  I.,  on  May 
15th.  Mnemiopsis  and  Cyanea  ardica  were 
only  occasionally  found.     The  planulse  of 


the  latter  may  be  easily  raised  in  the  Lab- 
oratory. They  attach  themselves  in  from 
seven  to  ten  days  after  the  eggs  have  left 
the  parent.  A  few  Aurelia  of  medium  size 
were  taken  on  the  7th,  and  again  on  the 
16th,  17th,  18th  and  19th. 

On  May  10th  a  few  small  specimens  of 
Tuhularia  couthouii  were  dredged  at  Quick's 
Hole,  and  the  large  stems  of  specimens 
dredged  on  the  17th  seemed  to  show  signs  of 
regenerative  processes.  On  the  11th  hydro- 
medusse  were  hatched  from  hydroids  of 
Obelia,  and  on  the  13  th  a  few  were  seen  in 
the  water  around  the  station.  Tima  formosa 
was  not  seen  during  the  month,  though  in 
1896  the  species  was  abundant  in  Narra- 

gansett  Bay. 

H.  C.  BuMPUs. 
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THE   BREEDING    OF    ANIMALS    AT    WOODS 
ROLL  DURING  THE  MONTHS  OF  JUNE, 

JULY  AND  AUGUST. 
During  the  month  of  June  the  tempera- 
ture of  the  water  continues  the  regular  in- 
crease which  begins  on  the  first  of  April, 
and  toward  the  end  of  the  month  reaches 
the  temperature  of  65°  F.  During  July  of 
the  present  year  it  fluctuated  between  66° 
F.  and  71°  F.,  and  during  August  it  fre- 
quently registered  72°  F. 

With  the  increased  temperature  of  the 
month  of  June  there  is  a  corresponding  in- 
crease in  the  number  of  breeding  animals ; 
indeed,  this  month  indicates  the  culminating 
point  of  reproductive  activity  of  marine 
organisms  at  Woods  Holl.  The  months  of 
July  and  August  are  characterized  by  a 
constantly  decreasing  number  of  breeding 
animals,  though  the  high  temperature  of 
the  water  is  conducive  to  the  rapid  growth 
of  innumerable  larvse. 

Ferfe6ra<es.— Breeding  lampreys  have  been 
taken  at  East  Taunton  as  late  as  June  17, 
and  the  eggs  hatch  in  from  eleven  to  four- 
teen days.  The  smooth  dog-fish,  Galeus 
canis,  frequently  gives  birth  to  '  pups '  while 
confined  in  the  '  fish  cars '  during  this 
month.  These  young,  beautifully  marked, 
swim  about  with  their  parents,  and  do  not 
seriously  suffer  from  their  restricted  quar- 
ters. The  fishermen  say  that  the  '  smooth 
dog  '  has  two  broods,  and  the  observations 
made  at  the  laboratories  would  indicate  that 
this  view  is  correct.  The  first  brood  is 
generally  dropped  during  the  early  part  of 


June,  though  during  the  latter  part  of  the 
month  a  few  females  are  often  found  with 
fully  developed  young.  It  is  probable  that, 
as  soon  as  the  young  are  born,  mature  eggs 
leave  the  ovary  and  pass  into  the  oviduct, 
where  they  become  fertilized.  Professor 
W.  A.  Locj^  has  removed  eggs  from  the  ovi- 
duct, which  were  in  segmentation  stages, 
from  as  early  as  June  22  to  as  late  as  July 
4.  Through  the  early  part  of  July  the 
embryos  are  small,  but  during  August  only 
advanced  stages  are  found.  The  second 
brood  may  be  dropped  as  early  as  August 
10th. 

The  belief  that  the  females  after  giving 
birth  to  their  first  brood  immediately  breed 
again  is  supported  by  Dr.  Ayers,  who  has 
noted  that  there  are  congested  placental 
spots  on  the  uterine  walls  of  individuals, 
the  oviducts  of  which  contain  active  sper- 
matozoa, and  Dr.  Locy  has  noted  that  the 
ovaries  contain  certain  large  ova  during 
June,  whereas  they  contain  only  smaller 
eggs  after  the  early  part  of  July.  No 
individual,  however,  is  actually  known  to 
have  given  birth  to  two  broods  in  a  single 
summer. 

The  sand  shark,  Carcharias  littoralis,  the 
most  common  shark  at  Woods  Holl  during 
the  summer,  so  far  as  I  know,  has  never 
been  taken  during  the  breeding  season, 
all  the  individuals  being  apparently  imma- 
ture. The  spiny  dog-fish,  Squalus  acanthias, 
though  at  times  abundant  during  the  early 
spring,  has  not  been  taken  in  sufficient 
numbers  during  recent  summers  to  be  of 
special  value.  Those  desirous  of  collecting 
embryological  material  of  this  species  have 
generally  gone  to  North  Truro,  Province- 
town    or    Lanesville.     During    the    latter 


part  of  June  segmentation  stages  and  early 
embryos  are  found.  During  July  embryos 
of  about  1  cm.  prevail.  Early  in  August 
the  embryos  have  reached  a  length  of  about 
2  cm.,  and  during  the  latter  part  of  August 
embryos  from  3  to  7  cm.  in  length  are  most 
abundant. 

The  common  skate,  Raja  erinacea,  is  abun- 
dant during  June,  July  and  August,  and  at 
times  fully  a  bucketful  of  eggs  have  been 
deposited  in  the  *  fish  cars '  in  a  single 
night.  The  ripe  females  may  be  distin- 
guished by  the  color  of  the  lower  side  of 
the  abdomen,  through  the  thin  walls  of 
which  the  ova  may  be  felt  and  even  seen. 
Torpedoes  with  ripe  eggs  have  not  been 
taken.  The  short-nosed  sturgeon,  Acipen- 
ser  brevirostis,  is  occasionally  taken  in  June, 
the  females  bearing  ripe  eggs.  The  men- 
haden, Brevoortia  tyrannus,  breeds  during 
the  month  of  June,  though  no  young  were 
taken  the  present  year.  By  the  middle  of 
July  schools  of  young  fish  of  about  one 
inch  in  length  are  often  to  be  seen. 

Fundulus  majalis  continues  its  breeding 
during  June  and  early  July,  and  its  eggs 
may  be  artificially  fertilized  with  the  sperm 
of  Fundulus  heteroditus.  The  latter  species 
breeds  abundantly  from  the  middle  of  May 
until  the  middle  of  July,  but  during  the 
latter  part  of  July  and  the  first  of  August 
only  a  few  ripe  eggs  can  be  secured.  Cyprin- 
odon  variegatus  spawns  in  June.  Lucania 
parva  is  said  to  be  viviparous.  I  do  not 
know  when  it  breeds.  I  am  informed  that 
late  in  July  the  female  pipe-fish  bears  large 
ovarian  eggs,  and  the  males  are  still  carry- 
ing embryos  in  their  brood-pouches.  Late 
in  August  both  embryos  and  pouches  have 
disappeared,  and  the  ovaries  contain  only 
immature  eggs. 


Two  species  of  3Ienidia  (gracilis  and  notata) 
abound  in  the  neighborhood  of  the  labora- 
tories. Tlie  following  has  been  taken  from 
notes  kindly  furnished  by  Dr.  C.  Judson 
Herrick  :  On  June  5,  1896,  Mr.  Edwards 
found  Menidia  notata  spawning  at  Hyannis 
in  vast  numbers.  At  this  time  the  fish  had 
selected  a  point  in  the  beach  grass  above 
the  low-tide  level,  and  at  low-tide  the  eggs 
were  consequently  exposed  to  the  sun  and 
dried.  Mr.  Edwards  noted  great  quantities 
of  spawn  and  milt,  and  collected  about  a 
quart  of  the  former.  During  the  last  days 
of  June  and  the  first  ten  days  of  July  of 
the  present  year  the  fish  were  very  scarce, 
though  Dr.  Herrick  found  a  few  ripe  females 
and  a  very  few  males.  The  eggs  adhere  to 
each  other  in  thick  ropy  masses,  and  to 
any  foreign  object  with  which  they  come 
in  contact,  by  means  of  long  threads.  Both 
fertile  and  unfertile  eggs  sink  to  the  bottom, 
and  the  first  cleavage  plane  appears  in 
about  one  hour.  The  eggs  may  be  artifi- 
cially hatched  in  jars  of  running  water,  the 
period  of  incubation  being  ten  days.  The 
young  fish,  which  carry  a  small  yolk-sac, 
are  about  6  mm.  in  length.  Fry  were 
skimmed  from  the  surface  of  the  harbor 
on  July  4th,  and  measured  1.5  cm.  in 
length.  On  July  9th  fry  similarly  taken 
measured  2.25  cm.  in  length. 

The  eggs  of  M.  gracilis  resemble  those  of 
M.  notata,  but  the  species  seems  to  breed 
later,  since  many  ripe  females  were  taken 
during  the  first  week  in  July.  The  eggs, 
however,  do  not  undergo  artificial  fertiliza- 
tion as  readily  as  those  of  the  first  species. 

The  mackerel.  Scomber  scombrus,  breeds 
during  the  middle  and  latter  part  of  June, 
and   generally  at  some  distance  from  the 


shore.  During  the  early  part  of  the  month 
of  August  of  the  present  year  myriads  of 
young  fish,  about  two  inches  in  length, 
were  found  in  the  southern  portion  of  Mas- 
sachusetts Bay,  showing  that  the  breeding 
had  taken  place  much  nearer  the  shore  than 
is  usual.  The  butter-fish,  Rhombus  triacan- 
thus,  breeds  during  June.  The  white  perch, 
Morone  americana,  breeds  in  May  and  June, 
and  the  sea-bass,  Centropristes  striatus,  from 
the  middle  of  May  to  near  the  first  of  July. 
The  scup,  Stenotomus  chrysops,  spawns  during 
early  June,  but  the  eggs  do  not  all  become 
ripe  at  the  same  time.  Though  thousands 
of  squeteague  were  taken  in  the  fish-trap 
during  July,  not  a  single  individual  con- 
tained spawn,  and  this  was  not  surprising, 
for,  according  to  Dr.  Hugh  M.  Smith, 
spawning  occurs  about  June.  The  cunner, 
Tatitogolabrus  adspersus,  spawns  during  June 
and  early  July,  and  the  bright  colored 
young  are  abundantly  found  throughout 
the  latter  part  of  the  summer.  Ripe  tautog, 
Tautoga  onitis,  were  '  stripped  '  on  June  15th, 
and  ripe  eggs  might  have  been  taken  until 
the  middle  of  July.  The  '  puffers  '  are  also 
summer  breeders,  the  spawning  season  oc- 
curring early  in  June,  after  which  the 
young  are  frequently  taken  in  the  skim- 
ming-net. 

Since  the  establishment  of  the  biological 
laboratories  at  Woods  Holl  the  toad-fish 
has  contributed  to  science  with  great  gener- 
osity. Tin  cans,  broken  bottles  and  shat- 
tered fragments  of  crockery  are  regularly 
planted  by  the  collectors,  and  are  regularly 
lined  with  large  golden  eggs.  Oviposition 
occurs  as  early  as  June  3,  and  it  may  occur 
at  any  subsequent  time  throughout  the 
month.     According  to  Dr.  Hugh  M.  Smith 


the  blue-fish  arrives  about  June  Ist,  at  which 
time  well-developed  ova  are  found  in  a  small 
proportion,  and  at  Nantucket  large  roes  have 
been  found  as  late  as  July  15th.  The  first 
young  blue-fish  were  taken  at  Woods  Holl 
on  June  10th,  and  measured  from  IJ  to  1^ 
inches  in  length.  The  young  of  the  mullet, 
Mugil  eurema,  1^  inches  in  length,  were 
taken  on  June  28th.  Both  species  of  sea- 
robin  breed  during  the  early  part  of  June. 
The  eggs,  not  particularly  transparent,  read- 
ily develop  in  the  laboratory  and  hatch  in 
about  five  days.  After  the  first  of  July 
females  with  eggs  are  seldom  taken. 

Among  the  Pleuronectidse,  Bothus  macula- 
tus  breeds  during  earh'^  June,  and  the  eggs 
may  be  artificially  hatched,  the  period  of 
incubation  being  about  eight  days.  The 
young  of  '  flat- fish'  were  taken  in  the  tow- 
net  by  Mr.  S.  R.  Williams,  from  the  4th  to 
the  17th  of  June,  on  which  latter  date  they 
were  most  abundant.  A  few  were  also 
taken  during  the  latter  part  of  the  month 
and  during  July.  I  have  the  following  in- 
teresting note  from  Mr.  Vinal  Edwards  : 
"  A  large  school  of  young  cod  placed  in  the 
'Eel  Pond  '  directly  from  the  hatching  jars, 
in  December  last,  left  the  pond  in  June 
when  the  water  reached  a  temperature  of 
about  60°  F.  They  were  at  this  time  from 
2  to  4^  inches  in  length."  The  spawn  of  the 
goose-fish  is  occasionally  taken  near  Menim- 
sha.  When  a  spawn  is  found,  an  abun- 
dance of  embryological  material  results 
since  the  eggs  are  united  in  a  great  jelly- 
like band  that  will  more  than  fill  a  bucket. 

The  auftrieb  is  not  rich  in  surface  verte- 
brates during  the  summer.  In  June  young 
hake,  pipe-fish,  lump-fish  and  herring  occa- 
sionally occur.     In  early  July  young  swell- 


fish,  cunners,  sticklebacks,  tautog,  sand- 
eels,  silversides,  hake  and  sand  dabs  ;  and 
during  the  middle  of  July  the  swell-fish, 
cunners,  sticklebacks,  silversides,  sand-eels 
and  hake  are  still  conspicuous,  though 
gradually  disappearing  from  the  surface  as 
the  season  advances.  By  the  middle  of 
August  only  occasional  specimens  are  taken. 

Two  species  of  land  turtles  are  abundant 
in  fresh-water  ponds  near  the  laboratories. 
The  painted  turtle,  Chrysemys  pida,  breeds 
from  June  11  to  25,  and  deposits  its  eggs 
in  the  evening,  from  6  to  8:30  o'clock.  The 
snapping  turtle  also  breeds  during  the 
middle  of  June,  but  it  deposits  its  eggs  in 
the  early  morning. 

Ascidians. — I  am  indebted  to  Frank  W. 
Bancroft  for  many  of  the  following  notes 
respecting  the  breeding  of  ascidians. 

Appendieularia  were  abundant  near  Gay 
Head  on  July  28th,  and  Doliolum  is  often 
taken  at  the  same  locality.  Farther  from 
the  shore  several  species  of  Salpa  occur  in 
abundance. 

Among  the  simple  ascidians,  Molgula  may 
be  obtained  in  abundance  from  the  wood- 
work in  the  harbor  of  New  Bedford,  and  I 
think  the  eggs  are  ripe  throughout  the 
summer.  Cynthia  partita  is  apparently  ripe 
throughout  the  month  of  July,  at  which 
time  Dr.  Bancroft  also  found  ripe  Ciona 
intestinalis  and  Perophora  viridis. 

Among  the  composite  ascidians,  Botryllus 
gouldii  was  found  breeding  from  the  sixth  bo 
the  end  of  July,  and  almost  all  the  older 
colonies  contained  either  large  ova  or  em- 
bryos. This  species  was  not  examined  be- 
fore the  sixth,  nor  after  the  close  of  the 
month.  Though  several  colonies  of  Amaroe- 
dum  stellatum  were  examined,  no  large  eggs 


or  embryos  were  found  during  July,  al- 
though A.  constellahnn  frequently  had  large 
ova  and  embryos. 

Criistacea. — There  are  several  Brachj'u- 
rans  that  carry  eggs  during  the  summer 
months.  Gelasimus  minax,  pUgnax  and  pugi- 
lator  breed  during  the  earl}^  parts  of  June, 
and  females  with  eggs  occur  as  late  as 
July  2d,  and  perhaps  later.  Sesaiina  reticu- 
lata I  frequentlj'  have  found  with  eggs,  but 
no  specific  data  are  at  hand.  Pinnixa  cylin- 
drica  was  found  with  eggs  on  July  13. 
Pinnotheres  maculatus  has  been  studied  by 
Mr.  F.  P.  Gorham,  who  found  that  the 
animals  were  very  active  at  night,  leaving 
the  seclusion  of  the  mantle- chamber  of  the 
mussel,  and  swimming  and  crawling  about 
in  the  water  in  a  most  restless  manner. 
On  Julj^  9  eggs  in  the  earliest  stages  of 
development  were  taken,  and  from  then 
until  August  29  Mr.  Gorham  found  all 
stages,  though  at  the  latter  date  egg-bear- 
ing females  were  relatively  less  abundant. 
PanopcEus  was  found  with  eggs  on  June 
7,  and  gastrulation  stages  were  found  on 
July  1.  On  July  8  all  stages  from  four 
cells  to  complete  embryos  were  noted,  and 
on  Jul}^  12  two  females  deposited  eggs  while 
in  captivity.  Cardnus  granulatus  was  found 
with  eggs,  in  late  stages,  June  25.  Platy- 
onichus  ocellatiis  carried  late  stages  on  July 
3.  Callinectes  Jiastatus  was  found  with  ad- 
vanced embryos  on  August  3.  Libinia  has 
been  seen  to  oviposit  as  late  as  August  7. 
Pelia  mutica  bears  beautiful  transparent 
eggs,  which  are  in  early  embryonic  stages 
the  first  week  in  July. 

Among  the  Anomoura,  Hippa  talpoida 
carries  eggs  in  the  latter  part  of  June  and 
throughout  the  month  of  July.     Mr.  Gor- 


ham  found  early  embryos  and  free-swim- 
ming young  on  August  9,  1896,  and  the 
characteristic  Zoea  are  conspicuous  in  the 
skimmings  throughout  the  month  of  Au- 
gust,   being    most    abundant    on    the   22. 
Mr.  M.  T.  Thompson  found  Eupagurus  longi- 
carpus  with  eggs  until  the  middle  of  Sep- 
tember.    E.   annuUpes  was  not  brought  to 
the   Laboratory  before   the   early   part   of 
September,  but  at  that  time  the  females  had 
eggs  in  varying  stages  of  development.  The 
breeding  habits  of  E.  bernhardus  and  of  E. 
pollicaris  were  not  noted,  though  the  skim- 
mings yielded  an  abundance  of  Zoea  from 
the  first  of  August  throughout  the  month, 
and   were   probably   present   still    earlier. 
The  '  Glaucothoe  stage  '  was  first  found  on 
the  12th  of  August,  and  w^as  frequent  there- 
after throughout  the  month. 

Zoea  of  various  species  are  conspicuous 
in  the  surface  material  from  the  first  week 
in  June,  and  Mr.  S.  K.  Williams  noted 
that  when  they  were  abundant  they  seemed 
to  exclude  '  Megalops  '  and  vice  versa. 

Among  the  Macroura,  TGebia  affinis  was 
found  with  advanced  eggs  on  July  25. 
These  hatched  on  August  7.  Callianassa 
stimpsoni  was  found  with  eggs  on  July  1, 
and  again  on  July  13.  On  the  latter  date 
the  eggs  were  in  segmentation  stages. 
On  July  18  other  specimens  bore  ad- 
vanced embryos  which  hatched  on  July 
21.  Dr.  F.  H.  Herrick  for  several  years 
had  the  opportunity  of  examining  many 
lobsters  at  the  Fish  Commission  Hatchery, 
and  concluded  that  the  larger  number  of 
eggs  were  laid  during  the  latter  half  of 
July  and  the  first  two  weeks  of  August. 
These  eggs  are  normally  carried  by  the 
female   until   the   foUowing  spring,    when 
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they  hatch  during  May,  June  and  July.  I 
regret  that  I  have  no  specific  data  on  the 
breeding  habits  of  Crangon  vulgaris,  but  I 
have  every  reason  to  suppose  that  it  is  bear- 
ing and  hatching  eggs  with  its  characteris- 
tic industry.  Mr.  F.  P.  Gorham  found 
Virbius  zostericola  carrying  eggs  in  all  stages 
of  development  from  the  first  of  June  to 
the  first  of  September ;  the  period  of  incuba- 
tion lasts  for  about  two  weeks.  Falceinonetes 
vulgaris  was  found  with  eggs  in  early  stages 
of  segmentation  on  June  20,  and  on  the 
same  date  other  individuals  were  found 
bearing  late  blastoderm  stages  and  fully- 
formed  embryos.  The  larvse  of  Palcemonetes 
are  excessively  abundant  in  the  auftrieb 
during  Julj'^  and  August.  The  young  of 
Squilla  was  occasionally  taken  in  the  tow- 
net  during  August,  and  was  abundant  on 
the  surface  of  the  Gulf  Stream.  A  beauti- 
ful Heteromysis,  bearing  deep  green  eggs,  was 
frequently  dredged  on  the  shelly  bottom 
east  of  Nobsque  during  June  and  July. 
The  young  of  Cuma  were  taken  in  the 
skimmings  on  June  14. 

The  Amphipods  are  by  no  means  as 
abundant  as  during  the  spring.  Mr.  F,  M. 
Watson  found  Aviphitho'e  compta  breeding 
through  July  and  the  first  week  or  two  of 
August  and  Calliopius  Iceviusculus  with  eggs 
on  August  1.  Orchestia  agilis  was  repre- 
sented by  innumerable  young  during  the 
first  two  weeks  in  July;  Podocerus  falcatus 
was  taken  with  eggs  during  the  last  two 
weeks  of  July  and  the  first  two  weeks  of 
August.  Early  in  August  a  large  number 
of  Caprellse  bearing  eggs  were  taken.  Ta- 
lorchestia  has  been  found  with  eggs  in  late 
stages  of  development  on  June  14,  and  Or- 
chestia agilis  with  eggs  and  embryos  on  June 
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20.  A  tube-dwelling  amphipod,  probably 
Cerapus  tubularls,  bears  eggs,  some  of  which 
are  in  early  stages  of  development  on  July 
4.  Hyperia  is  frequently  taken  during  June, 
and  its  large,  almost  absolutely  transparent 
eggs  would  form  excellent  material  for  cer- 
tain lines  of  biological  research. 

Among  the  Isopods,  Idotea  robusta  was 
found  with  eggs  on  Jiily  17,  and  again  on 
August  12.  Dr.  J.  P.  McMurrich  has 
found  Jcera  marina  breeding  in  the  middle 
of  June,  when  his  first  observations  were 
made,  and  from  then  without  interruption 
until  the  first  week  in  September,  the  time 
of  his  departure  from  the  laboratory. 
Tanais  vittatus  was  found  with  eggs  in  vari- 
ous stages  of  development  early  in  August, 
and  Dr.  W.  M.  Wheeler  has  found  the  eggs 
of  Armadilidium  vidgare  around  old  logs  at 
Butler's  Point  late  in  June. 

Copepods  are,  of  course,  abundant  in  all 
the  surface  material,  and  the  parasitic  Cope- 
pods  found  attached  to  the  various  fishes 
almost  invariably  bear  egg-capsules  which 
contain  embryos  in  various  stages  of  devel- 
opment. Attached  to  the  floating  seaweeds, 
boards,  etc.,  which  are  washed  on  to  the 
shore  from  the  ocean  are  two  or  three 
species  of  '  goose  barnacle,'  which  yield 
abundant  embryonic  material. 

Dr.  Wheeler  found  lAmnetis  gouldii  breed- 
ing in  small  fresh- water  onds  on  Penzance, 
June  6-13,  1892.  Associated  with  these 
were  many  specimens  of  Eidimnadia  agassizii 
and  Bosmina,  both  sexually  mature. 

The  Pycnogonids  breed  during  July, 
August  and  September.  Dr.  T.  H.  Morgan 
has  recorded  the  appearance  of  Tanystylum 
orbicidare  with  eggs  on  July  1st ;  Pallene 
empusa  carries  eggs  throughout  the  summer, 
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and  Phoxichilidimn  viaxillare  during  August 
and  September. 

Limulus  was  found  depositing  eggs  on 
June  19,  and  eggs  were  artificially  fertil- 
ized on  July  12,  though  the  females  were 
then  nearly  spent. 

Vermes. — The  breeding  season  of  Lepido- 
notiis  and  Harmoiho'e  has  passed.  The  eggs 
of  Sthenelais  may  be  artificially  fertilized, 
and  ripe  individuals  have  been  taken  dur- 
ing the  middle  and  latter  part  of  August. 
Fodarke  obscura  begins  to  oviposit  about 
July  1.  Dr.  A.  L.  Treadwell  has  suc- 
ceeded in  artificially  fertilizing  the  eggs  by 
keeping  the  males  and  females  in  separate 
dishes  until  the  sexual  products  are  ex- 
truded, and  then  mixing  in  the  ordinary 
way.  Autolyt'us  and  other  Sj'llids  are  fre- 
quently taken  in  the  skimmings ;  the  eggs 
are  held  in  small  spheres  under  the  abdo- 
men. Nereis  limbata  and  N.  megalops  may  be 
taken  at  the  surface,  in  the  evening,  in 
great  numbers  and  during  the  entire  sum- 
mer. Th«  breeding  habits  of  Diopatra  are 
unknown ,  though  the  ova  are  nearly  ripe  in 
August.  Though  many  specimens  of  Mar- 
physa  have  been  collected,  the  time  of  sex- 
ual maturity  is  not  known.  The  breeding 
habits  of  Anthostoma  and  Trophonia  are 
also  unknown.  Dr.  A.  D.  Mead  informs 
me  that  Cirratidus  grandis  breeds  during 
July,  and  that  the  females  will  deposit 
their  eggs  while  in  confinement.  The  eggs 
are  of  fair  size,  but  very  opaque.  Ovipo- 
sition  takes  place  in  the  evening.  On  the 
breeding  habits  of  Maldane  and  Cistenides 
I  have  been  unable  to  collect  specific  data. 

Dr.  Mead  has  spent  a  great  deal  of  time 
in  determining  the  breeding  period  of  Am- 
phitrite   ornata,  and   after   collecting  about 
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eight  hundred  specimens,  at  various  times 
of  the  year,  concludes  that  there  is  no  defi- 
nite breeding  season.  Between  the  first  of 
June  and  the  last  of  August  only  occasional 
individuals  were  found  which  yielded  ripe 
sexual  products.  The  eggs  are  extruded 
during  the  evening,  and  will  not  fertilize  if 
artificially  removed  from  the  body  cavity. 
Scionopsis  palmata  was  found  to  bear  eggs, 
apparently  ripe,  in  August,  but  artificial 
fertilization  was  not  attempted.  The  eggs 
of  Serpida  (Hydroides)  may  be  readily  secured 
by  simply  crushing  the  worm- tubes,  and 
then  placing  the  somewhat  injured  female 
in  sea- water.  As  soon  as  the  males  are 
taken  from  the  tubes  the  sperm  will  be 
seen  to  ooze  from  the  nephridial  openings. 
Spirorbis  borealis  is  frequently  found  with 
eggs  and  embryos.  From  the  latter  part  of 
June  to  the  latter  part  of  July  the  eggs  of 
Arenicola  may  be  collected  by  the  bucketful. 
They  are  extruded  in  a  jelly-like  mass, 
sometimes  two  feet  in  length,  and  are  es- 
pecially abundant  on  the  warm  sand-flats  of 
Buzzard's  Bay. 

Dr.  Mead  obtained  the  eggs  of  Chcetopterus 
during  July  and  August  by  cutting  open  the 
females.  During  the  early  summer  of  1892 
the  larvae  of  Polygordius  were  exceedingly 
abundant,  and  few  specimens  were  taken 
during  the  past  summer.  Sagitta  occurred 
occasionally.  It  was  noted  by  Mr.  S.  R. 
Williams  during  the  middle  of  June,  and 
again  at  the  close  of  the  month  and  early 
in  July. 

Nectonema  was  occasionally  brought  into 
the  Laboratory,  and  Dr.  H.  B.  Ward  has 
known  it  to  extrude  its  eggs  while  in  dishes 
of  sea- water. 

Dr.  E.  G.  Gardiner  informs  me  that  he 
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has  taken  the  orange- colored  eggs  of  Poly- 
cheer ics  caudatus  as  early  as  June  6,  and 
that  they  are  abundant  from  June  15  to 
August  25.  The  eggs  are  deposited  at  night 
in  transparent  gelatinous  capsules. 

'  Tornaria  '  larvae  are  often  taken  during 
August  in  great  abundance  at  flood  tide, 
during  both  daj'  and  night. 

Echinoderms. — Previous  notes  in  Science 
have  called  attention  to  the  early  breeding 
habits  of  several  representatives  of  this 
group.  Echinarachnius  parma  continues  to 
breed  throughout  June  and  the  early  part 
of  Julj',  and  a  limited  number  of  eggs  may 
be  secured  even  during  the  later  portions 
of  the  summer.  Arbacia  pundulata  yields 
ripe  eggs  during  the  latter  part  of  June, 
throvighout  July  and  a  portion  of  August. 
Strongylocentrotus  was  not  carefully  examined, 
though  at  Nahant  I  have  often  noted  the 
extrusion  of  the  yellowish,  opaque  eggs  at 
various  times  during  the  warmer  months. 

The  breeding  habits  of  the  star-fish  are 
peculiar.  Dr.  A.  D.  Mead  has  found  the 
breeding  period  to  culminate  in  Narragau- 
sett  Bay  during  the  last  week  of  June, 
although  at  Woods  Holl  no  considerable 
number  reached  sexual  maturity  at  any  time 
during  the  past  summer.  In  1892  larvse 
were  abundant  on  June  18. 

Mr.  Caswell  Grave  paid  particular  atten- 
tion to  the  Ophiurids  during  the  past  sum- 
mer, and  was  successful  in  getting  many 
ripe  specimens  of  Ophiopholis  aculeata  at 
Nahant  during  the  month  of  June.  These 
he  brought  to  the  Laboratory  in  sea-water, 
artificially  cooled,  and  they  deposited  their 
eggs  and  sperm  between  eight  and  nine 
o'clock  in  the  evening  of  the  day  they  were 
collected.     The  development  was  slow,  the 
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'  pluteus  stage '  being  reached  not  until 
three  weeks  after  fertilization,  and  several 
of  the  plutei  lived  to  be  thirty-three  days 
old  without  showing  signs  of  metamorphosis. 
Mr.  Grave  followed  the  development  of  the 
sexual  glands  of  Ophiura  olivacea  with  great 
care  from  the  first  of  June,  but  the  period 
of  sexual  maturity  was  not  reached  until 
the  second  week  of  July,  when  a  limited 
quantity  of  fertilized  ova  was  obtained. 
The  larvse  proved  to  be  quite  different  from 
those  of  au)^  previously  described  Ophiuran. 
Thy  one  briareus  and  Synapta  inhcerens  (=  Sy- 
napta  girardii)  probably  breed  during  June 
and  July.  I  think  the  eggs  have  never 
been  artificially  fertilized.  Echinoderm 
larvae,  which  may  have  been  brought  to 
Woods  Holl  by  currents,  were  abundant 
during  the  middle  of  June.  Brachiolaria 
swarmed  in  Narragansett  Bay  from  the 
last  of  June  to  the  middle  of  July. 

Mollusks. — During  the  first  week  of  June 
the  young  of  Mytilus,  the  '  sand- collars  ' 
of  Lunatia,  the  '  eggs  strings '  of  Syeotypics 
and  the  '  egg- capsules '  of  Urosalpinx  were 
noted  in  Narragansett  Bay.  During  the 
second  week  of  June,  Crepidula,  Urosalpinx 
and  several  naked  Mollusks  were  found 
ovipositing.  Dr.  F.  E.  Lillie  has  collected 
eggs  of  Pecten  from  July  10  to  August  4. 
On  August  17  the  breeding  period  had 
passed.  According  to  Dr.  Conklin  the 
breeding  period  of  Crepidula  fornicata  lasts 
from  early  summer  until  about  August  15. 
The  breeding  period  of  Crepidida  plana  is 
somewhat  later  and  longer,  and  newly  laid 
eggs  were  found  September  7.  Crepidida 
convexa  lasts  through  much  the  same  period 
as  C.  plana.  Dr.  Lillie  says  that  the  un- 
segmented  ova  of  Unio  complanata  can  be 
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obtained  from  about  the  middle  of  June  to 
the  middle  of  Julj',  those  of  Anodo7ita 
toward  the  end  of  July  and  early  in  August. 
The  '  Glochidia'  of  Unio  escape  in  August 
and  September,  and  the  eggs  of  Anodonta 
are  carried  by  the  mother  through  the 
winter  and  are  extruded  in  the  spring. 

Small  squid  were  taken  on  the  surface 
from  June  20  to  the  close  of  the  summer. 

The  clam,  Mya  arenaria,  breeds  during 
June  and  perhaps  earlier.  The  height  of 
the  breeding  season  of  the  oyster  is  during 
the  latter  part  of  July,  and  the  develop- 
ment is  so  rapid  that  the  young  swim  in 
less  than  six  hours  after  fertilization. 

Mr.  S.  E.  Williams,  who  kept  a  record  of 
the  surface  forms  during  the  past  summer, 
found  '  veligers '  abundant  on  June  12, 
July  9  and  July  19. 

Coelenterates. —  Cyanea  arctica  has  been 
taken  with  ripe  eggs  as  late  as  June  3, 
though  by  the  middle  of  the  month  only 
occasional  specimens  are  seen.  The  eggs 
readily  fertilize,  and  the  young  develop 
freely  in  the  aquaria.  The  '  Ephyrse'  of 
Aurelia  were  taken  in  the  tow  on  June  15. 
The  Scyphomedusse  are  not  abundant  at 
Woods  Holl  during  mid- summer,  an  oc- 
casional Dactylometra  or  an  immature  Cyanea 
being  almost  the  sole  representative  of  the 
group.  At  New  Bedford,  and  in  Narragan- 
sett  Bay,  Dactylometra  is  excessively  abun- 
dant, and  one  would  probably  have  little 
difficulty  in  getting  material  for  embryolog- 
ical  study  at  almost  any  time.  Metridium 
has  frequently  been  seen  to  extrude  its 
eggs,  which  may  be  artificially  fertilized, 
and  Sagartia  has  also  been  found  breeding 
during  the  middle  of  July. 

I  am  indebted  to  Professor  W.  C.  Har- 
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gitt  for  many  of  the  following  notes  on  the 
breeding  of  Hydroids : 

Clava  leptostyla. — Colonies  are  occasionally 
taken  from  rock- weed  in  the  '  Hole,' from 
June  18  to  the  end  of  the  month,  and 
less  frequently  throughout  the  summer. 
Colonies  may  also  be  taken  from  exposed 
timbers  under  the  wharf  of  the  U.  S.  Fish 
Commission.  The  male  colonies  are  much 
more  abundant  and  conspicuous. 

Clytia  bicophora,  on  the  shells  of  Mytilus, 
with  colonies  of  Eudendrmm,  is  abundant 
late  in  June,  when  it  is  in  a  thrifty  condi- 
tion, and  with  mature  gonangia. 

Eiidendrium.  —  Colonies  of  Eudendrium, 
probably  E.  ramosum,  were  taken  in  very 
imperfect  condition  June  17,  apparently 
just  beginning  development  from  old  stolons. 
Specimens  were  also  taken  from  under  the 
culvert  at  the  outlet  of  the  Eel  Pond,  on 
June  20,  in  a  more  vigorous  condition, 
but  with  only  male  gonophores,  which  con- 
tained ripe  spermatozoa.  Colonies  devel- 
oped rapidly  during  the  following  ten  days 
and  produced  female  gonophores.  The 
earliest  signs  of  development  of  eggs  oc- 
curred during  the  first  week  of  July.  The 
latest  were  recorded  by  Dr.  Murbach,  on 
September  15. 

Corynitis  Agassizii. — Specimens  taken  from 
the  wharves  of  the  Fish  Commission  on 
June  20,  on  shells  of  Mytilus,  were  in  a 
thrifty  condition  and  bore  mature  medusae. 
These  are  set  free  during  the  early  evening, 
and  swim  actively  about  the  aquarium, 
though  at  this  time  there  are  no  indications 
of  sexual  products.  Several  colonies  of 
this  interesting  Hydroid  were  taken,  but 
always  from  the  encrusting  deposit  of  a 
Bryozoon,  which  frequently  occurs  on  the 
shells  of  Mytilus. 
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Hydradinia  (^Echinata)  polyclina. — Colo- 
nies taken  from  the  shells  of  Eupagurids, 
from  rock-weed  and  from  Limulus,  were 
mostly  sterile  in  June,  or  with  only  male 
gonads.  It  breeds  during  July  and  Au- 
gust. 

Margelis  carolinensis  is  quite  common  and 
in  an  excellent  state  of  growth  during  June, 
though  without  medusa-buds.  It  is  found 
on  the  timbers  of  the  Fish  Commission 
docks,  on  rock- weed  and  occasionally  upon 
eel -grass.     It  breeds  during  August. 

Obelia  sp. — A  species  of  Ohelia  is  very 
abundant  along  the  rock  work  and  wharves, 
and  during  June  develops  apparently  ripe 
gonangia,  though  few  free  medusae. 

Panjpha  crocea. — In  splendid  profusion 
and  perfection  throughout  the  month  of 
June. 

Pennaria  tiarella. — During  the  month  of 
June  this  species  is  to  be  found  in  limited 
numbers  attached  to  rock-weed  and  to  the 
piles  of  the  wharves.  Its  development  is 
slow,  specimens  with  medusa-buds  not  being 
taken  until  June  29.  During  the  follow- 
ing weeks  the  development  is  more  rapid, 
both  of  the  polyp- stock  and  of  the  medusae. 
Dr.  Murbach  has  found  the  species  breed- 
ing as  late  as  September. 

Sertularia  sp. — Every  where  in  abundance, 
but  with  gonangia  only  in  a  few  cases. 
Several  species  are  found,  of  which  the 
commoner  are  Pumila  and  Argentea. 

Dr.  McMurrich  found  Laomedea  amphora, 
on  Fucus,  with  ripe  gonophores,  June  2, 
and  associated  with  it  was  Halecium,  in  a 
similar  sexual  condition.  During  the  lat- 
ter part  of  June  and  throughout  the  sum- 
mer the  medusae  of  Gonionemus  is  found  in 
great  quantities  in   the   Eel   Pond.      Mr. 
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Williams  noted  Clytia  and  Lizzia  in  the  sur- 
face fauna  during  the  second  week  of  June, 
and  medusEe  of  Eucope  were  found  at  vari- 
ous times  during  the  summer.  On  July 
28  an  undetermined  species  of  Hydrome- 
dusa  was  so  abundant  at  Menimsha  that  a 
tumbler  simply  dipped  into  the  ocean  would 
be  more  than  half  filled  with  them. 

Dr.  Murbach  has  found  Corynitis  breeding 
during  July  and  the  early  part  of  August, 
Podocoryne  and  Hypolytus  during  August. 

Ctenophores,  frequent  during  the  early 
part  of  summer,  literally  swarm  during  the 
latter  part  of  August.  Mneniopsis  is  the 
most  abundant  species. 

H.  C.  BuMPUs. 
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THE    BREEDING    OF   ANIMALS    AT     WOODS 
HOLE  DURING  THE  MONTH  OF  SEP- 
TEMBER,   1898. 

With  the  month  of  September  the  record 
of  the  breeding  habits  of  the  summer  fauna 
practically  closes.  Very  few  of  the  species 
continue  to  breed  into  October.  The  auf- 
trieb,  though  less  rich  in  species,  is  at  the 
beginning  of  the  month  similar  to  that  of 
late  August,  but  after  the  first  week  the 
number  of  forms  steadily  decreases.  It 
consists  for  the  most  part  of  crustacean 
larvae,  the  bulk  of  the  material  being  brachy- 
uran  and  eupagurid. 

The  temperature  of  the  water  was  con- 
stant at  72°  F.  for  the  first  week.  It  then 
fell  steadily  until  the  25th,  when  it  reached 
65°  F.,  and  remained  at  this  point  until  the 
close  of  the  month.  The  density  varied 
from  1.0208  to  1.0225. 

Vertebrata.  The  fishes  present  no  fea- 
tures of  special  interest,  as  the  summer 
forms  are  still  present,  and  no  species  is 
breeding.  The  surface  skimmings  show  a 
few  fry  at  intervals.  On  the  20th  one  or 
two  larval  flatfish,  in  which  the  eyes  had 
just  begun  to  migrate,  were  taken.  About 
the  25th  three  smooth  dogfish,  Galeus  canis, 
which  had  been  confined  in  the  '  Pool,'  were 
killed,  and  twenty-seven  embryos,  10  to 
11  cm.  long,  were  found  in  the  oviducts. 

Crustacea.  None  of  the  adult  brachyura 
examined  were  breeding.  Zoese  were  con- 
spicuous in  the  auftrieb  during  the  early 
part  of  the  month,  and  later  various  mega- 
lops  were  abundant. 

The  zoea  of  Callinedes  hastahis  was  the 
most  abundant  form,  lasting  about  two 
weeks.     The  megalops   of  this  species  was 


plentiful  at  all  times,  particularly  on  the 
18th.  Specimens  in  the  laboratory  changed 
to  the  beautifully-spotted  '  first  adult '  on 
September  27th,  29th,  and  October  3d.  An- 
other zoea  (which  I  have  not  identified)  was 
ver}^  abundant  in  the  latter  part  of  August 
andthe  first  week  of  September,  disappearing 
about  the  11th.  It  resembles  the  zoea  of 
Callinectes,  but  has  a  longer  rostrum  and 
dorsal  spine,  and  the  exopodite  of  the 
antenna  is  a  straight  blade  as  long  as  the 
rostrum. 

Among  the  Anomura,  the  larvae  of  Hippa 
had  disappeared  on  September  4th.  Eupa- 
gurid  zoese  swarmed  in  August  and  the 
first  week  in  September,  and  were  present 
in  decreasing  numbers  throughout  the 
month.  The  '  glaucothoe-stage  '  was  abun- 
dant at  all  times.  Data  relating  to  the 
breeding  of  Eupagurus  hernhardus  and  E. 
pollicaris  are  scanty,  but  the  few  females  of 
the  latter  species  which  were  examined 
were  without  eggs.  E.  annulipes  was  brought 
in  on  the  4th,  when  a  few  were  bearing  eggs 
in  early  stages  of  development.  Females  of 
E.  longicarpus  with  eggs  were  taken  as  late 
as  the  13th. 

Among  the  Macroura,  specimens  of  Vir- 
bius  zostericola  had  eggs  in  the  later  stages 
on  the  11th.  Larvae  and  young  adults, 
ranging  in  length  from  5  mm.  to  10  or 
15  mm.,  were  present  in  the  skim- 
mings. Those  of  small  size  persisted 
throughout  the  month.  Palccmonetes  vul- 
garis was  not  breeding,  but  the  larvae 
(mostly  the  '  fifth  '  and  '  sixth '  stages  of 
Faxon)  were  occasionally  taken,  and  to- 
ward the  end  of  the  month  several  of  the 
'  first  adult  stage  '  were  found.  A  specimen 
of  Crangon  vulgaris  with  eggs  was  obtained 
on  the  19th.     Heteromysis,  dredged  at  Vine- 
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yard  Haven  on  the  12th,  and  off  Nobska 
Point  about  a  week  later,  had  well-ad- 
vanced eggs  in  the  brood-pouch. 

No  adult  Isopoda  were  examined,  but 
immature  Idotea  robusta  and  /.  irrorata, 
ranging  in  length  from  2  mm.  upward, 
frequently  appeared  in  the  skimmings. 

Among  the  Amphipoda,  a  minute  form, 
apparently  a  species  of  Montagua,  was  very 
common  among  the  hj^droids.  On  Septem- 
ber 21st  nearly  all  were  carrying  eggs  in 
various  stages  of  development.  Many  Ca- 
prellce  obtained  at  the  same  time  bore  em- 
bryos approaching  maturity. 

Squilla  larvae  (5  mm.  long)  appeared  at 
intervals  throughout  the  month.  Copepods 
were  abundant  at  all  times.  Diastylis  was 
taken  in  the  evening  and  is  apparently  at- 
tracted by  any  artificial  light.  On  the  12th 
a  number  of  '  Goose  Barnacles  '  had  eggs 
in  all  the  later  embryonic  stages,  and  some 
began  to  liberate  nauplii  about  this  date. 

Mollusca.  Scyeotypus  continued  to  de- 
posit its  '  egg-strings  '  during  the  first  two 
weeks  of  the  month.  The  breeding  period  of 
Crepidula  fornicata  had  closed,  but  on  the  19th 
I  found  a  few  specimens  of  Crepidula  plana 
with  eggs  in  early  cleavage  stages.  The 
breeding  period  of  Littorina  littorea  in  Ameri- 
can waters  is  not  known.  On  the  20th  great 
numbers  of  young,  about  one  millimeter  in 
diameter,  were  found  on  the  rocks  at  Nobska 
Point.  During  the  latter  part  of  August 
and  the  early  part  of  September,  Veligers, 
all  apparently  of  one  species,  were  conspicu- 
ous in  the  surface  skimmings  ;  these  disap- 
peared at  about  the  time  that  the  young 
Littorina  were  found. 

Vermes.  Mr.  E.  H.  Johnson  found  Bugida 
turrita  liberating  embryos,  even  after  the 
middle  of  the  month. 


Small  specimens  of  Nereis  limbata  and  cer- 
tain allied  forms  occurred  sparingly  in  the 
auftrieb.  On  the  evening  of  the  30th 
Autolytus  was  still  fairly  abundant,  and 
many  of  the  females  were  carrying  eggs  in 
early  stages  of  development.  Bhyncobolus 
and  Diopatra  were  not  breeding. 

Coelenterata.  With  the  exception  of  one 
or  two  minute  forms,  no  Medusae  were 
found.  Gonionemtis  was  abundant  in  the 
Eel  Pond,  and  specimens  brought  into  the 
laboratory  about  the  middle  of  the  month 
extruded  eggs.  The  greater  part  of  these 
eggs  did  not  reach  theblastula,  and  none  de- 
veloped beyond  this  stage.  Ctenophores 
3Inemiopsis,  very  conspicuous  in  late  August, 
appeared  in  increasing  numbers  during  Sep- 
tember. Obelia,  with  a  few  ripe  gonangia, 
was  obtained  on  the  21st.  Pennaria  tiarella 
formed  the  bulk  of  the  abundant  hydroid- 
growths  on  the  Fish  Commission  wharves, 
although  a  Erudendium,  probably  E.  ramo- 
sum,  was  plentiful.  Here  and  there  small 
patches  of  Plumularia  tenella  were  found. 
East  Chop  and  Edgartown  were  visited  on 
the  12th.  At  the  former  place  there  were 
few  colonies  of  Pennaria,  but  a  great  abun- 
dance of  Eudendrium  and  Plumularia.  At 
Edgartown  I  did  not  find  either  Pennaria  or 
Eudendrium,  but  Pluimdaria  occurred  in 
dense  masses,  which  literally  covered  the 
submerged  woodwork  of  the  wharves. 

At  Woods  Hole  the  colonies  of  Plumularia 
were  small  and  sterile,  while  at  the  other 
localities  they  were  large  and  provided  with 
gonangia  in  the  various  stages  of  develop- 
ment. 

The  Eudendrium  and  Pennaria  bore  me- 
dusa-buds in  all  stages,  and  the  latter 
species  remained  in  fruit  as  late  as  the  2l8t, 
and  perhaps  later.  M.  T.  Thompson. 
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PERIDINIUM   AND  THE    '  RED   WATER '    IN   NAR- 
RAGANSETT   BAY. 

During  the  last  two  months  the  inhabitants 
of  Rhode  Island  witnessed  the  following  remark- 
able phenomenon.  The  water  of  a  considerable 
portion  of  the  Bay  became  thick  and  red,  emit- 
ting an  odor  almost  intolerable  to  those  living 
nearby.  The  situation  became  alarming  when, 
on  the  9th  and  10th  of  September,  thousands  of 
dead  fish,  crabs  and  shrimps  were  found  strewn 
along  the  shores  or  even  piled  up  in  windrows. 

At  the  request  of  the  Ehode  Island  Commis- 
sion of  Island  Fisheries,  an  investigation  was 
made  to  determine  the  cause  and  extent  of  the 
unusual  color  of  the  water  and  of  the  great 
mortality  of  the  fish.  The  results  of  this  inves- 
tigation are  briefly  as  follows 

During  the  last  of  August,  throughout  Sep- 
tember and  a  part  of  October  streaks  of  red  or 
*  chocolate '  water  were  observed  from  near 
Quonset  Point  and  Prudence  Island,  north  to 
Providence,  and,  on  he  flood  tide,  up  the  See- 
konk  Eiver,  nearly  to  Pawtucket,  a  range  of 
about  fifteen  miles.  In  other  parts  of  the  Bay, 
as  far  as  could  be  learned,  the  phenomenon  had 
not  been  observed. 

On  the  8th  and  9th  o  S  ^ttember  the  water 
became  extremely  red  and  thick  in  various  lo- 
calities from  East  Greenwich  to  Providence, 
and  the  peculiar  behavior  of  the  marine  animals 
attracted  much  attention.  Myriads  of  shrimps 
and  blue  crabs,  and  vast  numbers  of  eels,  men- 
haden, tautog  and  flatfish  came  up  to  the  sur- 
face and  to  the  edge  of  the  shore  as  though 
struggling  to  get  out  of  the  noxious  water.  In- 
deed, the  shrimp  and  crabs  were  observed  actu- 
ally to  climb  out  o  the  water  upon  stakes  and 
buoys  and  even  upon  the  iron  cylinders  which 


support  one  of  the  bridges  and  which  must  have 
been  very  hot  in  the  bright  sun.  In  several  in- 
stances, on  these  two  days,  huudi'eds  of  blue- 
crabs  were  caught  by  a  single  individual  in  a 
few  minutes'  time,  at  the  mouth  of  the  See- 
konk. 

On  the  following  day,  September  10th,  and 
for  several  days  afterwards,  hardly  a  live  crab 
or  shrimp  could  be  found.  Along  the  shores, 
however,  in  the  same  vicinity,  cartloads  of  dead 
shrimp  were  piled  up  in  windrows,  and  among 
them  were  strewn  great  numbers  of  crabs  and 
fish  of  various  kinds,  especially  menhaden  and 
eels.  This  singular  behavior  and  alarming 
mortality  of  marine  animals  was  reported  from 
nearly  every  station  at  which  the  red  water  oc- 
curred, and  from  no  other  station,  which  indi- 
cates that  the  two  phenomena  are  related  as 
cause  and  eflfect. 

It  was  commonly  believed  that  dye-stuffs  or 
other  refuse  emptied  into  the  rivers  at  the  up- 
per part  of  the  Bay  gave  to  the  water  its  color 
and  unpleasant  odor,  but  microscopic  examina- 
tion showed  that  the  water  was  swarming  with 
minute  organisms,  spec'es  of  Peridinium.  The 
Peridinium  is  reddish  brown  in  color  and  oc- 
curred in  such  excessive  abundance  that  it  gave 
to  the  water  its  peculiar  color  and  odor,  besides 
making  it  so  opaque  that  one  could  hardly  see 
a  white  shell  six  inches  below  the  surface. 

With  regard  to  the  systematic  position  of  this 
organism  there  is  a  difference  of  opinion.  It  is, 
in  fact,  ranked  with  the  animals  by  some  au- 
thors and  with  the  plants  by  others.  I  have 
not  yet  been  able  to  determine  the  species  of 
our  Peridinium.  It  resembles  in  many  respects 
Carter's  Peridinium  sanguineum  ;  it  is  much  flat- 
tened, and  the  anterior  end  is  distinctly  bi- 
lobed,  like  Peridinium  fabulatiim,  though  the 
lobes  are  more  rounded.  Besides  a  flagellum 
extending  forward  from  the  ventral  groove,  a 
very  large  flagellum  lies  in  the  equatorial  sulcus 
and  entirely  encircles  the  body.  No  cilia  could 
be  demonstrated. 
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After  September  9th  and  lOth,  when  the  great 
mortality  of  fish  occurred,  the  Peridinium  be- 
came, for  a  few  days,  less  abundant,  and  then 
increased  again  until  the  23d.  There  was  a 
heavy  rain  on  the  23d,  and  on  the  following  day 
the  water  was  comparatively  clear.  Since  this 
date  it  has  been  more  or  less  in  evidence  up  to 
the  day  of  writing  (October  7th).  On  Sep- 
tember 21st  the  number  of  Peridinium  per  cubic 
centimeter  in  the  Seekonk  River  was  estimated 
at  5,880.  This  was  enough  to  give  the  water  a 
very  noticeable  red  color.  Nevertheless,  the 
marine  animals  appear  not  to  have  been  seri- 
ously affected  since  September  10th  or  11th, 
though  the  approach  of  a  streak  of  red  water 
has,  in  some  instances,  interrupted  good  fishing. 

In  the  Seekonk  River  the  shrimp  and  crabs 
gradually  returned,  and  in  about  three  weeks 
after  the  sudden  mortality  were  nearly  as 
numerous  as  before,  though  the  water  was  at 
times  distinctly  colored.  On  the  23d  some 
shrimp,  oysters  and  small  fish  (Fundulus)  were 
kept  in  the  water  where  the  Peridinium  were 
the  thickest,  and  suffered  no  apparent  injury. 
In  consideration  of  these  facts,  it  has  been 
doubted  whether  the  Peridinium  was  the  imme- 
diate cause  of  the  peculiar  behavior  and  death 
of  the  fish  which  occurred  on  the  9th  and  10th 
of  September,  especially  as  the  weather  had 
been  phenomenally  hot  for  several  weeks  pre- 
vious to  that  date.  I  believe,  however,  that  the 
Peridinium  was  the  cause  of  the  trouble,  and 
not  the  hot  weather  nor  manufacturers'  waste, 
for  the  following  reasons  : 

On  the  two  or  three  days  in  which  the  mor 
tality  took  place  the  water  was  extremely  red. 

The  hot  weather  was  followed  by  a  cold  wave 
a  day  or  two  before  the  mortality  commenced. 

The  phenomena  occurred  in  Greenwich  Bay 
and  off  Nayatt,  many  miles  from  any  consider- 
able source  of  contamination. 

Finally,  the  phenomena  in  question  were  no- 
ticed by  very  many  persons  throughout  the 
whole  range  of  the  red  water,  while  in  neighbor- 


ing  portions  of  the  Bay,  for  example,  in  the 
Warren  River  and  in  Bristol  Harbor,  where  the 
temperature  of  the  water  is  quite  as  high  as  in 
the  red-water  districts,  no  Peridinium  and  no 
mortality  or  unusual  behavior  of  the  marine 
animals  was  reported,  though  the  regions  were 
carefully  canvassed. 

There  are  many  recorded  instances  of  salt 
and  of  fresh  water  colored  red  probably  by 
Peridinium  of  this  or  a  similar  species.  H.  J. 
Carter,  in  his  account  of  '  The  Red  Coloring 
Matter  of  the  Sea  round  the  Shores  of  the 
Island  of  Bombaj','  described  the  new  species 
P.  sanguineum,  which  produces  this  effect.  He 
points  out,  also,  that  Darwin's  description  of 
the  animalcule  which  he  found  to  color  the  sea 
red,  a  degree  south  of  Valparaiso,  accords  ex- 
actly with  that  of  Peridinium,  The  animalcules 
which,  according  to  Salt,  produce  the  red  color 
in  the  Red  Sea,  may  also  be  due  to  this  form, 
and  the  same  cause  may  perhaps  be  ascribed  to 
the  red  color  of  the  sea  off"  Iceland  in  1649. 
Porter  quotes  "  the  following  passage  from  an 
eye  witness  of  a  similar  occurrence  at  Pore- 
bunder,  on  the  coast  of  Khattywar,  India, 
where  the  red  water  is  extremely  common,  viz.: 
'  the  color  of  the  sea  water  on  Saturday  even- 
ing last,  the  27th  of  October,  1849,  was  changed 
from  its  usual  tint  to  a  deep  red,  emitting  a  most 
foul  smell ;  the  fish  speedily  wei'e  all  destroyed 
and  washed  upon  the  beach  in  large  quantities, 
etc'  "  Though  the  narrator  believed  that  this 
might  be  due  to  a  submarine  eruption  of  mud, 
Mr.  Carter  is  inclined  to  ascribe  it  to  some 
'animalcule, '  most  probabl j-  Peridin  iiim.  He  also 
directs  attention  to  the  Mosaic  account  of  the 
plague  of  Egypt  given  in  the  following  verses  : 
' '  And  all  the  waters  that  were  in  the  river  were 
turned  to  blood."  "And  the  fish  that  was  in 
the  river  died  ;  and  the  river  stank,  and  the 
Egyptians  could  not  drink  of  the  water  of  the 
river ;  and  there  was  blood  throughout  all  the 
land  of  Egypt." 

A.  D.  Mead. 
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OBSERVATIONS  ON  THE  SOFT-SHELL  CLAM. 


BY   A.    D.    MEAD,    BROWN   UNIVERSITY. 


The  following-  "  comj)arative  statement  of  the  yield  of  clams  in 
the  New  Eng-land  States  during-  a  series  of  years  "  shows  of  what 
importance  the  clam  industry  has  been  in  our  State.  It  shows 
also  a  very  considerable  decrease  in  the  yield  of  clams  since  1880, 
and  at  the  same  time  a  marked  increase  in  the  price  per  bushel. 

The  statistics  were  arrang-ed  by  Dr.  Hugh  M.  Smith,  of  the  U.  S. 
Fish  Commission,  and  with  the  exception  of  one  item,  were  pub- 
lished in  the  report  of  the  Commissioner  for  1894.  Throug'h  the 
kindness  of  Dr.  Smith  the  data  for  Rhode  Island  for  1898  are  added. 

Maine. 

Bushels.  Value. 

1880 318,383  $101,808 

1887 608,780  228,490 

1888 600,675  227,665 

1889 595,105  200,761 

1892 416,806  157,431 

Neiv  Jlarnpshire. 

1880 17,900  18,980 

1887 280  140 

1888 300  150 

1889 300  150 

1892 1,050  975 


m^&iiumi. 
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Massachusetts. 

Bushels.  Value. 

1880 158,626  $76,195 

1887 280,659  121,202 

1888 243,777  127,838 

1889 240,831  137,711 

1892 191,923  133,529 

lihode  Isla/itL 

1880 53,960  $48,564 

1887 25,825  25,030 

1888 30,825  30,030 

1889 33,375  32,475 

1892 33,950  45,222 

1898  15,015  20,569 

Cunuecticut. 

1880 75,000  $38,000 

1887 26,735  25,370 

1888 26,575  24,270 

1889 26,360  24,900 

1892 •. .  23,780  25,320 

Total. 

1880 623,929  $273,547 

1887 892,279  400,252 

1888 902,152  409,953 

1889 895,961  395,997 

1892 667,509  362,477 

The  Extent  of  Shore  in  Narrayansett  Bay  Available  for 
Rearing  Clams. 

From  its  g-eographical  peculiarities,  our  State  is  particularly 
well  adapted  for  elam  culture ;  tlie  Bay  has  a  long-  shore  line  for 
so  small  a  body  of  water,  ou  aceouut  of  the  many  peninsulas,  estu- 
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ai'ies,  au(l  islauds,  and  nearly  all  the  sliore  is  protected  from  tlie 
heavy  seas.  In  order  to  ascertain  how  much  of  the  shore  in  this 
State  is  suitable  for  the  orowtli  of  clams,  a  preliminary  survey  of 
the  bay  was  made. 

Through  the  courtesy  of  the  United  States  Fish  Commission, 
the  steam  launch  Blue  AVing-  was  detailed  to  aid  in  collecting-  this 
information,  together  with  data  concerning  the  location  of  fish- 
traps,  and  the  density  and  temperature  of  the  water  in  various 
parts  of  the  Bay.  A  considerable  extent  of  the  shore  was  ex- 
amined directly,  but  for  most  of  the  information  we  are  indebted 
to  niimerous  fishermen  and  other  residents,  who  from  long  experi- 
ence have  particular  knowledge  of  certain  localities. 

There  are  in  the  aggregate  more  than  fifty  miles  of  shore  which 
is  considered  good  clam  ground,  and  this  is  not  limited  to  any 
portion  of  the  Bay,  but  is  found  in  all  parts,  wherever  in  fact  there 
is  soil  enough  for  the  clams  to  bury  themselves.  It  is  not  by  any 
means  necessary  that  the  ground  should  be  soft,  for  hard  clay  and 
exceedingly  stony  ground  often  yield  a  good  crop  of  clams.  In 
many  localities,  also,  no  clams  occur  above  the  mean  low-water 
mark,  while  they  are  com]3aratively  abundant  lower  down  and  can 
be  dug  in  the  ordinary  manner  when  the  tide  is  uncommonl}" 
low.  Nowhere,  however,  are  the  clams  abundant  to-day,  and  it  is 
the  common  testimony"  from  all  parts  of  the  Bay  that,  although 
they  were  exceedingh"  abundant  from  ten  to  twentj^-five  years 
ago,  they  are  now  comparatively  scarce.  The  shores  are,  at  pres- 
ent, almost  depleted,  and  the  difficult  process  of  "  churning  "  them 
in  several  feet  of  water  is  often  resorted  to  by  those  who  make  a 
Inisiness  of  suppljang  clams  to  the  market. 

The  set  of  clams  was  exceptionally  large  last  summer  (1899)  in 
various  parts  of  the  Bay,  for  example  about  Green's  Island  (Con- 
imicut),  at  AVickford,  in  the  Kickemuit  river,  and  on  Oakland  Beach. 
It  will  be  interesting  to  observe  how  long  the  clams  will  remain 
abundant  in  these  localities. 

Since  the  above  was  written,  on  February  5  and  G,  (1900),  there 
were  a  great  many  bushels  of  extremely  large  clams  in  the  markets. 
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They  were  takeu  from  the  flats  in  various  parts  of  the  bay  at 
Wickford,  the  Kickemuit  river,  and  other  localities,  when  the  tide 
was  phenomenally  low.  One  of  the  largest  specunens,  taken  from 
Wickford,  measured  5f  inches  in  leno-th  and  weighed  15  ounces ; 
and  a  bushel  taken  at  random  from  the  market  contained  only  119 
clams. 

Egg-Laying,  and  Habits  of  the  Very  Young  Clams. 

The  eggs  of  the  clam,  like  those  of  the  oyster,  are  exceedingly 
minute.  Like  the  latter,  also,  they  are  extruded  into  the  water 
where  they  are  fertilized,  and  where  they  develop  into  free-swim- 
ming larv*.  The  exact  limits  of  the  egg-laying  period  of  the  clam 
have  not  been  determined,  but  it  probal)lj^  extends  through  the 
months  of  May  and  June,  as  Dr.  Kellogg  conjectured  in  the  last 

Report. 

On  the  eighth  and  on  the  twelfth  of  May  the  clams  examined 
at  the  Kickemuit  river  were  full  of  sexual  i)roducts,  which  ap- 
peared under  the  microscope  to  he  nearly  ripe.  On  May  22  I  suc- 
ceeded in  fertilizing  some  of  the  eggs  artificially  by  dissecting 
them  out  into  a  dish  of  sea-water  and  adding  the  sperm  takeu 
from  the  male  clam  in  the  same  way.  The  early  stages  of  devel- 
opment were  regular  and  apparently  normal,  but,  unfortunately,  I 
could  not  remain  at  the  house-boat  to  care  for  the  eggs,  and  iSiey 
died.  The  experiment  proved,  at  least,  that  the  clams  were  ready 
to  breed  toward  the  last  of  May,  and  that  it  is  possible  to  fertilize 
the  eggs  artificially. 

On  May  29  a  silk  net  was  obtained  which  was  fine-meshed 
enough  to  hold  many  of  the  free-swimming  young  of  the  clam, 
and  from  this  date  until  the  second  week  of  July  these  minxite 
clams  were  taken  at  AYickford  almost  every  day  by  dragging,  the 
net  along  the  surface  of  tlie  water. 

The  s))ecimeus  caught  in  this  way  are  hardly  visilile  to  the  un- 
aided eye.  By  the  aid  of  the  microscope  they  are  seen  to  have 
two  shells  hinged  together,  and  in  this  respect  they  resemble  the 
adult  clam.     In  order  to  procure  them  for  examination  the  skim- 
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miiio'-iiet  is  sliaken  out  in  a  disli  of  Avater.  The  clams  may  then 
be  separated  from  the  myriads  of  other  small  ori^auisms  by  geutly 
tappino;-  the  dish,  when  they  will  stoj)  swimmiug-,  close  their  shells, 
and  fall  to  the  bottom.  They  are  then  easily  ])icked  u\)  with  a 
pipette,  and  trausfeiTed  in  a  drop  of  water  to  a  watch  crystal  un- 
der the  microscoi^e.  A^'hen  lirst  caug-ht  they  vary  considerably  in 
size,  some  being-  four  times  the  diameter  of  others,  as  shown  in  the 
figure  (Fig-.  1).  As  one  watches  these  specimens  under  the  micro- 
scope he  will  frequently  see  one  of  them  open  its  shell,  thrust  out 
and  expand  a  circular  swimming-organ  and  go  whirling  about  in 
the  water  for  a  while  ;  then  as  suddenly,  this  org-an,  the  velum,  is 
drawn  in,  the  shells  close  over  it,  and  the  clam  falls  to  the  bot- 
tom and  remains  quiet.  Figure  4  is  a  free-hand  sketch  of  one  of 
these  SAvinimiug-  clams  (caught  on  May  29)  with  the  swimming- 
organ  expanded.  Ai-ouud  the  margin  of  the  latter  are  the  rapidly 
moving-  cilia,  which  create  a  current  of  water  in  the  direction  indi- 
cated by  the  arrows.  This  specimen  had  struck  a  snag,  and  was 
held  by  it  while  the  sketch  was  made  ;  smaller  organisms  and  par- 
ticles of  dirt  were  swiftly  swept  backwards,  meanwhile,  by  the  en- 
erg-etic  strokes  of  the  cilia.  In  the  midst  of  the  org-an  is  a  long-, 
slowly  moving  tiagellum  or  lash,  which  may,  perhaps,  serve  as  a 
feeler. 

Inasmuch  as  there  are  no  published  figures  of  the  clam  at  this 
stage,  it  was  not  possible  uj^on  the  mere  examination  of  these 
creatures  to  say  definitely  that  they  were  the  young-  of  the  soft- 
shelled  clam.  It  was  presumed  that  they  were,  however,  not  only 
from  their  appearance  but  from  the  fact  that  the  adult  clams  a  week 
or  two  before  Mere  ready  to  lay,  and,  further,  from  the  fact  that  bj' 
the  last  of  June  the  young-  set  of  clams  is  well  started.  (See  Xel- 
log-g-'s  Report,  1898. )  The  absolute  proof  that  they  were  clams  Avas 
forthcoming-,  hoAvever,  for  a  number  of  specimens  Avere  isolated 
and  kept  alive  in  dishes  for  several  weeks.  During  the  fii-st  Aveek 
or  tAvo  they  grew  considerably,  lost  their  swimming-organ,  and 
took  on  unmistakable  characters  of  the  soft-shelled  clam.  Figure 
2  is  from  a  camera  drawing-  of  one  of  these  liAdng-  clams  tAvo  Aveeks 
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after  it  av;is  cauijlit,  /.  e.,  on  June  14.  It  is  drawn  to  the  same 
scale  of  magnilicatiou  as  those  in  fio-nre  1.  The  shape  of  the  shell 
has  been  g-reatly  changed,  and  the  clam  is  more  than  twice  the 
length,  and  many  times  the  bulk,  of  even  the  largest  specimen 
when  first  caug-ht.  The  siphon  (snout),  gills,  liver,  stomach,  and 
heart,  and  the  relatively  large  foot  have  been  develoi)ed,  the  inter- 
nal organs  showing  plainly  throiigh  the  transparent  shell.  Figfure 
8  represents  the  same  individual,  drawn  with  the  camera,  to  the 
same  scale,  ten  days  later,  on  June  24.  The  body  is  now  still 
further  eloug-ated,  the  gill-plates  are  considerably  more  numerous, 
the  foot  is,  perhaps,  somewhat  larg-er  in  proportion,  and  a  peculiar 
sense  organ,  the  so-called  ear,  is  plainly  visible  within  the  substance 
of  the  foot.  The  lines  of  growth,  Avhich  can  be  easily  made  out  upon 
the  shells  themselves,  show  the  changes  in  shape  which  have  taken 
place  during  the  process  of  growth.  Although  the  rate  of  growth 
in  this  specimen  is  seen  to  have  been  quite  rapid — from  the  size  of 
one  of  those  in  Fig.  1  to  that  in  Fig.  3  in  less  than  three  weeks — 
it  was  doubtless  much  less  rapid  than  it  would  have  been  under 
natural  conditions;  for  this  specimen  was  kept  in  a  dish,  the  water 
being  changed  only  a  few  times,  so  that  the  supply  of  food,  which 
consists  of  microscopic  organisms,  was  very  meagre  as  compared 
with  that  in  the  tide-water. 

Among  the  clams  caught  in  the  skim-net  there  were  usually 
many  in  which  the  foot  and  siphons  were  already  developed. 
Such  specimens,  when  watched  under  the  microscope,  would 
crawd  about  by  means  of  the  foot  instead  of  swimming ;  yet  they 
must  have  been  able  to  swim,  since  thej'^  were  taken  near  the  sur- 
face of  the  water.  I  am  not  certain  whether  the  swimming-organ 
Avas  still  capable  of  being  used,  or  whether  they  swim  Avith  the 
foot.  The  latter  method  I  would  have  thought  almost  impossible 
had  I  not  seen  it  in  use  by  razor  clams  Avliich  were  many  times 
larger.  On  the  evening  of  Julj^  20  a  large  number  of  razor  clams, 
some  of  the  latter  measuring  seven  millimetres  (more  than  a 
quarter  of  an  inch),  Avere  taken  in  the  toAv-net.  The  shells  Avere 
Avell-formed  and  hard,  but  the  animal  SAvam  rapidly  about  by 
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means  of  a  curious  Icickiuo-  stroke  of  the  very  hm^^  foot.  Tliey 
were  never  taken  in  the  tow  except  on  this  occasion,  a  rainy  even- 
ing- when  a  strong  wind  was  blowing. 

Whatever  method  of  SAvimming  the  young  clams  may  iinally  use, 
it  is  certain  that  they  swim  freelj^  in  the  water  until  the  foot  and 
sii)hon  are  developed  and  they  are  thus  equipped  for  crawling- 
about  over  the  sea-weed,  stones,  sand,  and  other  objects  they 
happen  to  strike  upon. 

A  specimen  whose  swimming-days  Avere  past  is  represented  in 
Fig.  5.  The  double  nature  of  the  siphon  is  shown  at  this  stage, 
the  incurrent  and  excurreut  portions  lieing  almost  separate  from 
each  other.  The  dotted  lines  represent  the  foot  as  it  appears 
when  the  shell  is  closed,  and  the  foot  thrust  out  is  represented  by 
the  solid  lines.  It  is  impossible  to  olitaiu  more  than  a  hasty 
camera  sketch  of  the  outstretched  foot  because  its  movement  is  so 
quick.  The  foot  reaches  out  sometimes  considerably"  further  than 
the  picture  indicates,  takes  hold  of  the  bottom  of  the  dish,  and 
with  a  quick  jerk  the  shell  is  pulled  up  to  it,  the  whole  operation 
not  occupying  more  than  a  second  or  two.  By  this  rather  clumsy 
method  of  travelling  the  clam  is  able  to  make  considerable 
progress. 

A  feAv  days  after  the  clams  are  caught  at  the  surface  they  are 
found  to  have  attached  themselves  to  the  bottom  of  the  dish  or  to 
any  object  which  happens  to  be  near  them.  Kellogg  found  last 
year  these  Aery  small  specimens  attached  to  sea-weeds  and  other 
objects  and  carefully  studied  their  habits  from  this  period  of  life, 
Avheu  they  are  less  than  one-fiftieth  of  an  inch  in  leng-th,  until  thej^ 
are  finally  settled  in  the  ground.  He  showed  that  they  attach 
themselves  to  objects  by  spinning-  byssus  thi'eads  as  the  mussels 
do,  but  that  they  can  at  pleasure  release  themselves  from  the  at- 
tachments, craAvl  about  and  attach  themselves  again.  The  abil- 
ity to  attach  itself  remains  until  the  clam  is  upAvards  of  one-half 
an  inch  in  length,  and  by  this  time  most  of  the  clams  which  sur- 
A^A^e  haA^e  buried  themselves  in  the  ground.  Fig.  24  is  a  life- 
size  ijhotograph  of  a  small  clump  of  clams  anchored  by  byssus 
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tlireails  to  a  mnssel-sliell  and  to  stones.  As  Kelle.iig-  pointed 
out,  this  capacity  is  of  <;Teatest  advantag-e  to  the  chims ;  for  those 
which  happen  to  set  upon  sea-weed,  stakes,  stones,  etc.,  are  able, 
with  some  degree  of  safety,  to  Avander  about  until  they  find  a 
suitable  place  in  which  to  burrow,  and  those  which  are  not  satis- 
tied  with  the  g-round  where  they  first  burrow  can  come  out  and 
g-o  to  a  new  place,  as  they  were  actually  seen  to  do.  Of  the 
greatest  iitility,  however,  is  the  lial)it  of  anchoring  themselves  in 
the  buiTow  so  that  they  cannot  be  so  easily  washed  out. 

While  the  rock-weed  and  other  algne  are  of  great  service  to  the 
clams  in  furnishing  them  with  a  convenient  temporary  lodgment 
where  they  will  not  be  smothered  by  the  silt  when  they  are  very 
small,  it  is  true  also  the  clams  set  in  great  quantities  and  grow  in 
some  sandy  beaches  where  there  is  no  sea- weed. 

Some  General  Features  of  the  CUuii  Set. 

By  the  fii'st  week  in  July,  1899,  a  great  many  clams  had  already 
found  their  Avay  into  the  sand.  At  this  time  they  were  so  small 
that  they  escaped  general  notice,  ranging  from  a  size  at  which 
they  were  hardly  visible  to  9  millimetres  in  length.  (See  Fig.  iS). 
By  the  third  week  in  July  a  great  majority  had  l)urrowed,  and  then 
there  were  probably  more  of  this  year's  clams  in  the  sand  than  at 
any  other  time  during  the  j^ear,  for  during  the  next  few  months 
they  were  destroyed  in  enormous  quantities.  Although  the  free- 
swimming  young  Avere,  in  their  season,  abundant  at  all  times  and 
at  places  in  the  water  of  the  harbor  (Wickfovd),  the  set  of  clams 
which  was  found  buried  in  the  sand  was  very  unevenly  distributed. 
The  sandy  shore  in  some  places  was  literally  filled  with  them  fi'om 
below  low-water  mark  to  about  the  half-tide  mark.  Here  it  would 
be  impossible  to  pick  up  a  handful  of  sand  without  taking  up 
with  it  several  clams.  Within  a  few  rods  of  these  specially  fertile 
areas  however,  in  the  same  sort  of  soil,  only  a  comparatively  few 
clams  were  to  be  found — not  one-thousandth  as  many  as  in  the 
former  places. 
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It  was  very  ai)pareiit  in  these  cases  that  the  abundance  or 
scarcity  of  the  set  was  not  due  to  the  quality  of  the  soil  nor  to  the 
quantity  of  old  clams  in  the  vicinity,  nor  yet  to  the  absence  of 
enemies,  but  was  due  probably  to  the  position  of  the  shore  with 
reference  to  the  tide  currents.  Some  of  the  areas  where  the  set 
was  exceeding-ly  thick  were,  moreover,  far  from  being  the  best  for 
adult  clams,  and  the  reason  is  not  far  to  seek.  In  one  case  .a  cer- 
tain point  of  shore  Avas  set  in  the  middle  of  July  as  thickly  as  the 
clams  could  burrow,  but  by  the  ninth  of  August  hardly  a  young' 
clam  could  be  found.  They  were  apparently  washed  out  or  were 
covered  with  shifting  sand.  In  another  locality,  about  40  rods 
from  the  last,  the  set  was  discovered  on  July  5  and  was  also  very 
thick.  These  clams  continued  to  be  abundant  throughout  the 
summer  and  autumn,  and,  though  meanwhile  they  were  somewhat 
thinned  out,  were  yet  very  numerous  on  December  4.  The 
thinning  out  l^egan  in  July,  and  from  this  time  until  September 
there  was  always  a  wind-row  two  or  three  feet  wide  of  small  clam- 
shells along  this  portion  of  the  shore.  Yery  often  among  these 
shells  one  would  hud  live  clams  and  preying  upon  them  a  whole 
army  of  star -fishes,  crabs  of  various  species,  and  mummichogs. 
Undoubtedly  the  crabs,  especially  the  blue  crabs  "paddlers,"  and 
some  other  animals  dig  up  or  uncover  the  young  clams  and  scat- 
ter them  about  where  they  fall  prey  to  man}--  enemies ;  but  I  think 
one  important  factor  in  their  wholesale  destruction  lies  in  the  fact 
that  they  set  much  thicker  than  they  can  grow  and  a  great  many 
are  crowded  out,  or,  at  least,  if  they  are  once  brought  to  the  sur- 
face of  the  ground,  cannot  l)urrow  again.  When  the  clams  are  not 
more  than  one-fourth  f)f  an  inch  long — early  in  July — they  were 
near  together,  but  when  by  the  last  of  July  they  had  become  sev- 
eral times  longer  and  many  times  the  bulk,  they  actually  touched 
each  other ;  for  at  this  period  they  all  buried  themselves  to  about 
the  same  depth.  As  one  walked  over  the  ground,  or  tapped  it,  the 
whole  surface  for  a  yard  or  two  would  move  perceptibly  as  the 
clams  contracted. 

A  more  definite  notion  of  the  abundance  of  the  clams  in  the 
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locality  mentioned  above  will  be  gained  from  the  following:  On 
August  9,  after  tliey  had  become  somewhat  thinned,  a  square 
yard  on  the  shore  was  staked  out  and  the  clams  dug  from  it  as 
carefully  as  jiossible.  These  were  carefully  picked  over  and  all 
stones  and  shells  sorted  out.  There  Avere  then  ten  pints  of  clams. 
Two  pints  were  counted,  the  first  yielding  1,200  clams,  the  second 
1,300.  The  average  of  the  two  pints  was  therefore  1,250,  and  the 
estimate  for  the  clams  (ten  pints)  taken  from  one  square  yard  is 
12,500.  In  addition  to  these  a  considerable  number,  perhaps  a 
thousand,  were  lost,  being  scattered  by  the  tide. 

Tlie  Rate  of  Growth. 

The  rate  of  growth  of  the  clam,  like  that  of  the  star-fish,  is,  un- 
der favorable  circumstances,  more  rapid  than  is  usually  supposed. 
It  was  shown  in  the  last  Report  that  the  rate  of  growth  in  the  star- 
fish varied  greatly  according  to  the  amount  of  food,  and  that  of 
two  healthy  star-fishes  of  the  same  age  one  might  be  more  than 
one  hundred  times  the  bulk  of  the  other.  The  same  variation,  re- 
sulting from  differences  in  food  suppW,  is  seen  in  the  clams,  though 
perhaps  the  difference  is  not  so  great. 

The  growth  of  the  clams,  which  set  thick  at  Wickford,  on  Cor- 
nelius Island,  was  followed  during  the  summer,  and  formed  the 
basis  for  com]jaring  the  growth  in  other  localities.  The  folloAving- 
figures,  photographed  life-size,  will  show  the  rate  of  growth  of  the 
clams  in  this  locality.  Figure  6  represents  sjiecimens  taken  «Tuly 
7  ;  the  larger  of  these  are  probably  about  five  or  six  weeks  old, 
judging  from  the  data  with  regard  to  setting  already  mentioned. 
Any  possible  doubt  that  they  are  the  set  of  this  summer  is  re- 
moved by  the  fact  that  a  large  number  of  specimens  set  on  the 
house-boat,  which  was  put  into  the  Avater  on  the  first  of  May,  were 
about  the  same  size. 

The  succeeding  figures,  from  7  to  14  inclusive,  are  all  life-size 
Ijhotographs  of  clams  taken  from  the  same  locality  as  those  in 
Fig.  6,  at  various  times  during  the  summer.     The  specimens  plio- 


REPORT   OF   COMMISSIONERS    OF    INLAND    FISITP:RIES.  13 

tog-raplied  were  selected  as  representing-  the  average  size  on  each 
date,  too-ether  Avith  some  of  the  larger  and  smaller  sizes,  placed  in 
the  bottom  and  top  row,  respectively. 

The  Rate  of  Groioth  Under  Sjjecial  Conditions. — On  the  sixth  of 
Jiily  about  a  pint  of  clams,  taken  from  the  point  already  referred 
to,  Avere  ]ilaced  in  a  box  of  sand  in  the  house-boat,  and  about  one- 
half  pint  more  were  added  on  July  9.  The  clams  were  not  cov- 
ered with  the  sand,  but  were  simply  scattered  over  the  surface, 
many  of  them  sticking  together  in  clumps.  In  about  five  minutes 
they  had  all  burrowed  out  of  sight.  The  sand  box  was  sunk  about 
18  inches  below  the  surface  of  the  water,  and,  not  being  affected  by 
the  rise  and  fall  of  the  tide,  was  kept  submerged  at  this  depth  for 
a  month.  During  the  following  month,  it  was  occasioualh^  ex- 
posed at  low  tide  when  the  house-boat  was  ashore. 

The  growth  of  these  specimens  w^as  compared  from  time  to  time 
with  that  of  the  clams  in  the  original  locality  on  the  shore,  and 
with  the  somewhat  surprising  result  that  the  clams  at  the  house- 
boat grew  much  faster  than  those  on  the  shore,  Avhence  the  former 
were  originally  taken.  It  is  clear,  therefore,  that  it  is  not  neces- 
sary for  the  rapid  growth  of  the  young  clams  that  they  be  in  a  lo- 
cality which  is  exposed  at  low  tide—  on  the  contrary  they  grow 
faster  when  they  are  submerged  all  the  time.  This  difference  in 
the  growth  of  the  clams  on  the  shore  and  in  the  house-boat  is 
illustrated  by  the  photographs  of  samj^les  taken  from  two  locali- 
ties at  various  times.  Compare  Fig.  9  with  Fig.  14 ;  also  Figs.  10 
and  15  ;  Fig.  11  and  Fig.  17  ;  Fig.  12  and  Fig.  18. 

It  might  be  asked  whether  the  more  rapid  growth  at  the  house- 
boat was  not  due  to  the  more  favorable  position  of  the  latter  in 
the  tide  currents.  This  may  be  true  in  some  measure,  but  yet  the 
point  of  shore  in  question  was  washed  by  a  strong  current  also. 
Tlie  house-boat,  moreover,  was  moored  within  a  few  rods  of  the 
point,  so  that  the  character  of  the  food  is  about  the  same.  Some 
other  o1)servations  confirmed  the  conclusion  that  clams  grow  faster 
when  they  are  continuously  submerged.  On  September  7,  on 
another  part  of  the  shore,  the  young  clams  were  examined  at  vari- 
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oiis  levels,  from  below  mean  low-water  mark  to  half  tide,  and  tlie 
laro:er  orowtli  of  the  former  was  noticeable.  This  is  illustrated 
by  samples  which  were  taken  at  very  low  tide,  and  at  about  half- 
tide  (Fig-s.  21  and  22). 

The  following-  experiment,  made  to  ascertain  the  rate  of  growth 
of  individual  clams  transplanted  to  another  locality  on  the  shore, 
shows,  also,  that  the  growth  is  g-reater  ueai"  the  low-water  mark. 
On  the  22d  of  July  a  number  of  young  clams  of  average  size,  taken 
from  the  poiut  on  Cornelius  Island,  were  carefully  measured,  and 
planted  in  the  laud  tiles.  The  tiles  were  set  perpendicularly  into 
the  ground,  and  tilled  with  sand  taken  from  above  tide  mark,  in  order 
that  no  clams  might  be  accidentally  \)ui  into  them,  and  were  ai"- 
rang-ed  in  a  row,  from  extreme  low-water  mark  to  high-water  mark, 
at  intervals  of  about  two  feet.  Each  clam  was  carefully  measured 
and  placed  in  a  tile  by  itself  (in  some  cases  two  specimens  were 
put  into  the  same  tile).  On  September  18  some  of  these  were 
taken  out  and  measured  again,  the  rest  being  left  undisturbed. 
The  measurements  ai-e  of  the  long  diameter  of  the  shell,  and  are 
given  in  millimeters.  The  accompanying  diagram  shows  the  rela- 
tive position  of  the  tiles  which  contained  the  specimens  measured 
on  September  18.  No.  1  is  at  extreme  low  tide,  and  No.  8  some 
what  below  half-tide  mark. 

Number.  July  •■3--3.  September  18.  Growth  in  2  Months. 

(8) 13mm  28mm  15mm 

(7) 12  "  3(1  "  24  " 

(6) 14  "  40  "  26  " 

(5) 

(4) 11  "  44  ''  33  " 

(3) 13  "  4(;  "  33  " 

(2) 15  "  48  "  33  " 

(1) 13  "  orone. 

Reference  to  this  table  shows  at  once  that  the  c-lams  grow 
more  slowly  as  we  g-o  up  the  shore  from  h^w-water  mark.  Com- 
pare for  example  Nos.  3  and  8,  which  at  the  time  of  planting-  were 
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of  the  same  size,  but  tAvo  months  aftenvards  differ  15  millimeters, 
or  more  than  one-lialf  au  iiicli. 

It  is  not  certain,  of  course,  that  the  difference  of  rate  of  g-rowth 
at  different  levels  is  always  as  marked  as  in  this  case,  and  more 
experiments  must  be  tried  to  ascertain  the  relative  g-rowth  accu- 
rately. This  experiment,  so  far  as  it  goes,  substantiates  the  con- 
clusion already  stated  that  clams  grow  faster  when  they  are  under 
water  the  greater  part  of  the  time.  The  reason  for  this  is  not  very 
far  to  seek.  The  food  of  the  clams  consists  of  microscopic  organ- 
isms contained  in  the  water,  which  is  taken  in  tlu'oughoue  siphon 
and  expelled  tlii'ough  the  other.  The  clams  can  feed,  therefore, 
only  when  covered  by  water,  and  those  which  are  located  at  some 
distance  aliove  the  low-Avater  mark  are  shut  off"  from  the  food  sup- 
ply during  a  considerable  portion  of  each  day.* 

This  record  of  growth  of  the  clams  in  the  tiles  is  interesting- 
also  l)ecause  it  demonstrates  that  clams  may  grow  during  their 
first  summer  nearly  to  marketable  size.  The  specimen  in  tile  No. 
2  was  not  among  the  very  largest  of  the  set  on  the  point  at  the 
time  it  was  transplanted,  and  not  larger  than  some  of  those  which 
had  set  in  the  floating-  house-boat ;  so  that  there  is  no  question 
about  it  being  of  this  year's  ]iroduction.  On  July  22  it  measured 
15  millimeters — the  size  of  the  specimen  in  Fig.  20.  On  September 
18,  in  less  than  two  months,  it  had  more  than  trebled  its  length 
and  had  burrowed  about  six  inches  into  the  sand.  The  specimen 
was  preserved  on  September  18  and  is  photographed  natural  size 
in  Fig.  20  by  the  side  of  a  clam  of  fifteen  millimeters  in  length. 
The  growth  of  the  two  adjacent  specimens  in  the  tiles  Nos.  3  and 


*Since  the  rapidity  of  growth  of  the  clams  depends  directly  upon  the  supply  of  micro- 
scopic organisms  in  the  water,  it  is  to  be  expected  that  a  considerably  greater  growth  will  be 
found  in  some  portions  of  the  Bay  than  in  others.  I  have  not  had  an  opportunity  to  investi- 
gate this  problem  carefully,  but  through  the  kindness  of  Mr.  A.  W.  Bourne  some  samples  of 
this  year's  clams  were  obtained  on  December  5  which  were  much  larger  than  those  taken 
at  the  same  time  at  Wickford.  The  water  in  the  former  locality  is  extremely  rich  in  micro- 
scopic organsims,  shown  both  in  the  skimmings  taken  with  a  tow-net  and  by  the  remark- 
able growth  of  animals  other  than  clams  which  depend  upon  these  organisms  for  food. 
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■4  indicates  that  tlie  record  for  the  specimen  j)h()t()o'raphed  is  not 
exceptional  or  accidental. 

Another  experiment  made  to  ascertain  the  rate  of  growth  of  in- 
dividual clams  was  tried  at  the  house -boat.  On  July  19  sev- 
eral specimens  Avere  carefully  measured  and  placed  in  small  tlower- 
pots  which  were  tilled  with  sand.  These  were  kept  continuously 
under  water,  and  the  clams  measured  ag-ain  on  September  10. 
The  measurements  on  the  two  dates,  as  g-iven  below,  show  that 
the  clams  had  gTowu  during-  seven  and  a  half  weeks  to  two  or 
three  times  their  orig-inal  length. 

Record  of  Groiuth  of  Clavis  in  Pots  at  House-Boat. 

Number.  .)uly  19.  September  10. 

(1) 11-11  (2  specimens).  26-23 

(2) 9.2  22 

(3) 7.5  — 

(4) 8.1  27 

(5) 32.5  28 

(6) 10.9  30 

(7)   11.1  25 

(8) 8.9  30 

(9) 10.5  22  (shell  only). 

(10) 11.5  ■  20  (shell  only).^ 

(11) 11.1  27 

(12) 9.0  26 

The  following-  will  give  an  idea  of  the  relative  increase  in  bulk 
of  the  clams  at  the  house -boat  as  compared  with  those  on  the  shore. 
On  August  i)  the  clams  on  the  point  of  shore  to  which  we  have 
several  times  referred  were  measured  by  the  pint  and  counted. 
The  average  number  to  the  pint  Avas  about  1,200.  The  clams  which 
Avere  taken  from  the  same  locality  on  July  V  and  9,  and  Avliich  had 
been  kept  in  a  box  of  sand  at  the  house-boat  since  that  date,  noAv 
measured  about  400  to  the  pint.  The  clams  at  the  house-boat, 
therefore,  appeared  to  have  so  far  outstripped  those  on  the  shore 
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that  in  one  mouth  they  l)ecaine  about  three  times  the  bulk  f)f  the 
latter.  There  is  one  possil^le  fact,  however,  which  may  make  this 
result  less  trustAvorthy  thau  the  data  derived  from  the  growth  of 
marked  individuals  or  from  that  of  the  largest  specimens  in  each 
locality,  viz. :  the  clams  which  were  placed  in  the  house-boat  were 
gathered  with  a  sieve,  which,  though  its  meshes  were  small  (ordi- 
nary flour-sieve),  may  have  allowed  many  of  the  smaller  clams  to 
go  through ;  so  that  the  average  size  of  those  planted  was  perhaps 
less  than  the  average  size  of  those  remaining  on  the  shore. 

The  actual  increase  in  bulk  of  a  certain  quantity  of  clams  dur- 
ing ten  Aveeks  in  the  summer  is  given  in  the  following  measure- 
ment of  the  clams  reared  in  the  house-boat.  The  box  of  sand 
in  which  a  pint  and  a  half  of  small  clams  was  planted  as  evenly 
as  possible,  on  July  6-9,  was  divided  in  the  middle  b}^  a  par- 
tition. The  clams  soon  became  so  crowded  that  many  were 
IH'obably  pushed  out ;  at  any  rate  there  was  a  considerable  num- 
ber of  empty  shells  over  the  surface  of  the  sand.  Notwithstand- 
ing this  loss,  four  and  a  half  quarts  Avere  taken  from  one-half  of 
the  box  on  September  18,  the  other  half  being  left  undisturbed. 
From  about  three-fourths  of  a  pint,  therefore,  Ave  had  a  yield  of 
over  four  quarts  of  clams  in  about  ten  Aveeks.  We  oug-ht  also  to 
mention  that  one  pint  Avas  taken  from  the  box  on  August  5,  and 
smaller  quantities  on  several  other  occasions. 

Size  and  Age  at  Sexual  Maturity. 

It  is  usually  maintained  that  the  clam  reaches  sexual  maturity 
during  the  third  year  of  its  life,^''  but  I  am  inclined  to  believe  that 
this  does  not  do  justice  to  the  animal  in  question,  and  that  the 
clam,  like  the  star-fish,  not  only  groAvs  faster,  but  arrives  at  sexual 
maturity  much  sooner  than  is  usually  supposed.  My  reasons  are 
as  folloAvs  : — 

1.     I  found  at  the  beginning  of  the  breeding-season  a  ripe  male 


"See  Bulletin  51,  R.  I.  College  of  Agriculture  and  Mechanic  Arts,  December,  1898. 
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clam  of  80  millimeters  in  leuutli,  and  a  ripe  female  of  50  millime- 
ters. As  we  have  already  stated,  many  clams,  undoubtedly  of  this 
year's  growth,  were  more  than  30  millimeters  long,  and  some 
nearly  50  millimeters,  before  the  end  of  September. 

2.  In  the  autumn  the  sexual  glands  of  this  season's  clams  were 
considerably  developed,  although  the  breeding-season  does  not 
occur  until  spring. 

Therefore,  while  I  caimot  make  it  as  a  positive  statement,  not 
ha"\dng  yet  followed  the  development  <^f  the  sexual  glands  through- 
out the  year,  I  would  venture  the  conjecture  that  many  of  the  clams 
of  last  summer's  set  (1899)  will  breed  next  spring  (1900). 

Summary  of  Preced'nuj  Chapters,  and  Bearing  of  These  Results  on 
the  Pi'ohleni  of  Clam  Culture  in  Narragansett  Bay. 

(1)  From  the  ]ioiut  of  view  of  clam  cultiire,  and  the  practica- 
bility and  feasibility  of  re-instating  an  almost  defunct  industry, 
the  observations  recorded  in  the  preceding  pages  open  up  a  very 
encouraging  prospect. 

(2)  The  preliminary  survey  indicates  that  there  are  more  than 
fifty  miles  of  Ehode  Island  shore  in  the  Bay  alone  which  are  more 
or  less  available  for  the  rearing  of  clams. 

(3)  The  range  and  the  adaptability  of  the  clam  is  great.  It 
will  thrive  in  various  kinds  of  soil ;  in  sand,  mud,  clay,  and  among 
stones ;  from  near  high-water  to  considerably  below  low  water ; 
from  brackish  ponds  to  the  densely  salt  water  of  the  outside  shore 
and  Seaconuet  river. 

(4)  It  is  the  general  testimony  that  the  clams  have  been  de- 
creasing in  quantitj^  gradually  during  the  last  twenty  years,  and 
it  is  an  undisputed  fact  that  they  are  now  comimratively  scarce. 
The  disappearance  has  been  nearly  uniform  in  all  parts  of  the 
Rhode  Island  shore  of  the  Bay ;  in  localities  protected  from  the 
wash  of  the  steamers  and  not  contaminated  \s\  the  waste  of  towns, 
as  well  as  in  localities  less  fortunately  situated.  It  is  still,  in  cer- 
tain localities,  comparatively  abundant  below  the  low-tide  mark, 
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where  it  cannot  be  taken  by  the  ordinary  method  of  digging-,  but 
only  by  the  more  ehiborate  and  nnnsual  method  of  chnrning.  In 
Cole's  river,  where,  under  Massachusetts  laws  the  clams  are  l)etter 
protected,  they  are  much  more  almndant  than  in  the  neighboring 
Rhode  Island  estuary,  Kickemuit  river,  though  both  are  similarly 
situated  and  the  latter  has  been  proved  by  its  past  history  to  be 
a  locality  as  favoralile  as  the  other.  These  facts  and  others  indi- 
cate clearly  that  the  decrease  in  the  clams  of  the  State  is  due 
mainly  to  the  unlimited  and  promiscuous  digging  and  not  to 
changed  natural  conditions. 

(5)  That  frequent  digging  up  of  the  ground  is  necessary,  or 
that  it  is  even  a  positive  l)enefit  to  the  clams,  by  rendering  the 
ground  soft,  is  probably  a  fallacy.  The  fact  that  often  the  finest 
specimens  are  found  in  liard,  stony  ground,  or  in  hard  clay  flats, 
which  are  only  occasionally  exposed  to  the  clam-digger  at  an  unusu- 
ally low  tide,  and  the  observations  made  during  the  summer  upon 
the  growth  of  unmolested  specimens,  indicate  that  they  grow  well, 
at  any  rate,  if  left  undistxirl)ed.  The  haljits  of  the  animal,  in  obtain- 
ing food,  point  to  the  same  conclusion.  The  food  is  obtained 
from  the  water  which  is  taken  in  tlu'ough  the  siphon,  and  not 
from  the  soil  in  which  the  clam  lies.  So  long  as  it  is  well  located, 
therefore,  and  in  communication  with  the  water  it  is  distinctly  not 
to  its  advantage  to  be  disturbed,  particularly  at  the  risk  of  being 
buried  deep  under  the  mud  or  left  on  the  surface,  a  prey  to  crabs, 
mummichogs,  star -fish,  and  other  enemies.  Clams  less  than  one- 
half  an  inch  long  will  burrow  verj-  rapidly  when  they  are  ex- 
posed on  the  surface  of  the  mud  (if  covered  l)y  water),  Init  those 
upwards  of  thi-ee -fourths  of  an  inch  will  often  lie  for  a  long  time 
without  even  trying  to  buiTow,  and  then  are  not  very  eflicient  in 
getting  into  the  mud.  This  method  of  "cultivation,"  although 
imdoubtedly  excellent  for  ai)ple  trees,  is  not,  however,  equally 
good  for  clams. 

(6)  The  breeding-season  of  the  clam  is  at  its  height  in  June. 
The  exact  limits  of  the  period  have  not  been  ascertained.  The 
eggs  are  extruded  in  great  numbers  into  the  sea-water  where  they 
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are  fertilized  and  in  a  slun-t  time  develop  into  very  miniite  free- 
swimming"  forms  Avitli  little  resemblance  to  tlie  adults.  In  this 
condition  tliey  live  an  active  life  and  are  carried  liitlier  and  thitlier 
by  the  tides  for  several  days  at  least  before  tliej^  settle  down  to 
the  bottom  or  attach  themselves  to  some  object  like  a  stone  or 
piece  of  sea-weed.  The  obvious  result  of  this  method  of  repro- 
duction is  that  the  young  clams  do  u(^t  remain  where  the  eggs 
are  laid  but  are  very  Avidelj^  distributed  bj'  the  tides.  This  fact 
readily  explains  the  sudden  apijearance  of  a  larg-e  set  of  clams  in 
a  locality  where  the  adults  are  scarce.  It  is  not  at  all  unlikely, 
moreover,  that  the  clams  beloAv  tide-mark,  and  out  of  reach  of  their 
human  enemy,  produce  a  large  j^roportion  of  the  clams  Avhich  set 
on  the  shore.     (See  foot-note,  p.  15.) 

(7)  In  the  manner  of  setting",  and  in  the  peculiar  characteristics 
of  the  young  clams  after  they  have  set,  there  are  two  facts  which 
will  prove  of  the  greatest  service  in  clam  culture.  1.  The  clam 
set  is  not  evenly  distributed  even  in  regions  of  the  Bay  where  the 
water  is  full  of  the  free-swimming  young,  but  in  some  localities 
the  set  is  extremely  thick  while  in  neighboring  localities,  a  few 
rods  distant,  onh^  a  small  number  may  be  found.  2.  The  young 
clams,  from  one-fourth  to  one-half  an  inch  long,  have  a  remarkable 
■capacity  for  burrowing,  a  capacity  which  is  greatly  diminished  as 
the  animal  grows  larger.  At  the  proper  season,  therefore,  and  in 
the  localities  where  the  set  is  thick,  the  clams  can  easily  be  col- 
lected in  immense  numbers  by  means  of  a  sieve ;  and  fortunately 
the  time  when  they  can  be  collected  with  the  least  difficulty  hap- 
pens to  be  the  very  best  time  for  transplanting.  By  far  the  best 
time  for  collecting  and  transplanting  is  from  the  first  week  in  July 
to  the  first  or  second  week  in  August.  It  is  hundreds  of  times 
easier  to  collect  them  at  this  season  by  means  of  a  sieve  than  at 
other  times  of  the  year  with  a  clam-hoe.  There  is  perhaps  even 
a  greater  advantage  in  transplanting  at  this  time,  from  the  fact 
that  the  clams  can  noAv  be  sowed  Iwoadcast  like  grain  and  will 
soon  burrow  into  the  sand ;  Avhereas,  larger  specimens  from  one 
inch  upwards  must  necessarily  be  planted  and  carefully  covered 
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or  a  great  loss  will  result.  An  additional  fact  in  favor  of  trans- 
]ilantiu.o-  at  this  time  is  that  in  some  localities  there  are  very  great 
quantities  of  young-  clams  set  early  in  Juh'  which,  if  not  taken  up 
and  transplanted,  are  destroyed  bj'  shifting-  sand  or  from  some 
other  cause.  In  other  localities  the  clams  are  set  too  thick  to  g-row 
to  the  liest  advantage,  and  they  would  actually  l)e  benefited  by 
being-  thinned  out. 

(8)  It  seems  almost  certain  that  the  explanation  of  the  abun- 
dant set  in  a  limited  area,  and  tlie  meag-re  set  in  the  neig-hboring* 
localities,  is  to  be  sought  in  the  position  of  the  shore  with  refer- 
ence to  the  tides.  When  this  explanation  has  been  worked  out  in 
detail  it  ma^-  be  possible  artilicialh'  to  construct  and  place  appar- 
atus to  collect  the  set  in  equally  large  quantities. 

(9)  The  experiments  of  transplanting  have  demonstrated  that 
under  favorable  conditions  the  rate  of  growth  is  more  rapid  than 
is  usually  supposed,  some  of  this  year's  set  having  reached  a 
length  of  nearly  two  inches  by  the  middle  of  September.  The  ex- 
periments demonstrate  also,  the  fact  that  there  are  great  differences 
in  the  rate  of  growth  according  to  the  food  supply  which  is  ob- 
tained from  the  water,  and  that  the  most  rapid  growth  may  l)e 
expected  of  clams  which  are  under  water  most  of  the  time. 

(10)  The  size  and  age  at  which  the  clams  reach  sexual  matur- 
ity has  not  been  definitely  ascertained,  but  there  are  facts  which 
indicate  strongly  that  they  breed  during  the  first  year  of  their 
life.  It  has  elsewhere  been  stated  that  they  do  not  breed  until 
the  third  year.  The  question  is  important,  of  course,  in  view  of 
any  attempt  at  clam  culture  on  a  large  scale  or  at  restocking  the 
shores. 

EXPLANATION   OF   FIGURES. 

1.  Sketches,  drawn  with  camera  lucida,  of  young,  free-swim- 
ming clams,  showing  shape  and  variation  in  size. 

2.  Camera  drawing  made  on  June  14  of  a  clam  caught  in  the 
skim-net  at  the  surface  of  the  water  on  May  29,  and  kept  isola- 
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ted  iu  a  disli  of  water.  Seen  from  the  left  side  :  f ,  foot  retracted  ; 
1,  liver;  li,  lie  art ;  g-,  i^ills ;  s,  siphon  or  "suout."  Arrows  indi- 
cate incurreut  aud  excurreut  openings. 

3.  The  same  individual  as  Fig-.  2,  drawn  to  the  same  scale  of 
magnification,  ten  days  later,  A-iz.:  on  June  24 ;  e,  sense  org-an 
(ear?).     Other  letters  the  same  as  Fig.  2. 

4.  Freehand  sketch  of  clam  larva  seen  through  the  microscoi^e 
Avith  swimming-organ  (velum)  expanded.  Around  the  edge  of 
the  velum  is  the  fringe  of  minute  lashes  (cilia)  whose  movements 
propel  the  animal.  The  arrow  shows  the  direction  of  the  current 
of  water  created  by  the  rapid  stroke  of  the  cilia.  The  direction 
of  the  current  is  easilj^  ascertained  bj^  observing  the  movement  of 
the  small  particles  contained  iu  the  water. 

5.  Sketch  of  a  clam  just  set,  as  seen  under  the  microscope. 
The  large  foot  and  the  sijjhou  are  shown  distended.  The  dotted 
line  indicates  the  position  of  the  foot  when  retracted  Avithin  the 
shell.  The  incurreut  and  excurreut  tubes  of  the  siphon  are,  at 
this  stag-e,  neai"ly  separate. 

6.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  E.  I.,  on  July  7,  1899.  The  largest  specimens  are,  prob- 
ably, about  six  weeks  old.     Photograph  life-size. 

7.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  cm  the  shore  of  Cornelius  Island,  AYick- 
ford,  R.  I.,  on  July  14, 1899.  The  largest  specimens  are,  probably, 
about  seven  weeks  old.     Photograph  life-size. 

8.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  July  21,  1899.  The  largest  specimens  are,  prol)ably, 
about  eight  weeks  old.     Photograph  life-size. 

9.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
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ford,  R.  I.,  Oil  August  4,  IHW.).     The  largest  specimens  are,  prob- 
ably, about  teu  weeks  old.     Photograph  life-size. 

10.  8pecimeus  selected  to  represent  the  average  size  of  the 
clams  iu  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  August  29,  1890.  The  largest  specimens  are,  prob- 
ably, about  thirteen  weeks  old.     Photograph  life-size. 

11.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  September  7,  1899.  The  largest  specimens  are, 
probably,  about  fourteen  weeks  old.     Photograph  life-size. 

12.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  September  30,  1899.  The  largest  specimens  are, 
l^robably,  about  four  months  old.     Photog-raph  life-size. 

13.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  December  4,  1899.  The  largest  specimens  are, 
probably,  about  six  months  old.     Photograph  life-size. 

14.  Specimens  selected  to  represent  the  average  size  of  the 
clams  in  a  marked  area  on  the  shore  of  Cornelius  Island,  Wick- 
ford,  R.  I.,  on  December  4,  1899.  The  largest  specimens  are, 
probably,  about  six  mouths  old.     Photograph  life-size. 

15.  Specimens  selected  to  represent  the  average  size  of  clams 
taken  on  July  7,  1899,  from  a  marked  area  on  Cornelius  Island, 
Wickford,  R.  I.,  and  reared  iu  a  sand-box  at  the  house-lioat  until 
August  8.  These  specimens  are,  probably,  about  ten  and  a  half 
weeks  old.  Compare  with  those  remaining  on  the  shore  until 
Aug'ust  4.     Photograph  life-size. 

16.  Specimens  selected  to  represent  the  average  size  of  clams 
taken  on  July  7,  1899,  from  a  marked  area  on  Cornelius  Island, 
Wickford,  R.  I.,  and  reared  in  a  sand-box  at  the  house-boat  until 
August  29.     These  specimens  are,  probably,  about  thirteen  weeks 
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(il(l.     Compare  Avith  those  remain iii^-  on  tlie  shore  until  Angust 
29.     Photograph  life-size, 

17.  Specimens  selected  to  represent  the  averao-e  size  of  clams 
taken  on  July  7,  1891),  from  a  marked  area  on  Cornelius  Island, 
Wickford,  11.  I.,  and  reared  in  a  sand-box  at  the  house-hoat  until 
September  8.  These  specimens  are,  prol)al)ly,  al)oiit  fourteen 
Aveeks  old.  Compare  Avith  those  remaining-  on  the  shore  until 
September  7.     Photograph  life-size. 

18.  Specimens  selected  to  represent  the  aA-erag-e  size  of  clams 
taken  on  July  7,  1899,  from  a  marked  area  on  Cornelius  Island, 
Wickford,  E.  I.,  and  reared  in  a  sand-box  at  the  house-boat  until 
September  19.  These  specimens  are,  probably,  about  sixteen 
Aveeks  old.  Compare  Avith  those  remaining*  on  the  shore  until 
September  30.     Photograph  life-size. 

19.  The  large  specimen  Avas  taken  on  September  18  from  a 
land-tile  set  in  the  mud  on  the  shore  (Wickford),  at  loAv-A\'ater 
mark.  It  AA-as  placed  in  the  land-tile  on  July  22,  Avlien  it  Avas  the 
size  of  the  smaller  specimen.  The  difference  in  size  represents 
tAvo  months'  g-rowth.     Photograph  life-size. 

20.  These  specimens  represent  the  average  size  of  the  larger 
of  the  clams  at  loAV-Avater  mark  in  a  certain  locality  on  the  shore 
at  Wickford  on  September  7.  (Compare  Avitli  those  from  the 
same  locality  at  half-tide  mark.)     Photograph  life-size. 

21.  These  specimens  represent  the  average  size  of  the  larger 
clams  at  half-tide  mark  in  a  certain  locality  at  Wickford  on  Sep- 
tember 7.  (Compare  Avitli  those  from  the  same  locality  at  low- 
water  mark.) 

22.  These  specimens  AA-ere  found  among  the  barnacles  clinging 
to  the  outside  of  the  house-boat  on  September  7.  They  have 
never  been  covered  Avith  sand  or  soil  of  any  kind,  and  are  stubby 
and  thick-shelled.     Photograph  life-size. 

23.  These  specimens  Avere  taken  on  September  7,  from  the 
side  of  the  sand-box  in  the  house-boat,  and  sIioav  Iioav  the  clams 
of  considerable  size  may  remain  anchored  to  various  objects,  or 
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to  each  other,  so  as  to  form  chimps,  hke  mussels.     Photograph 
life-size. 

24.  These  specimens  represent  the  average  (smaller)  size  of 
clams  taken  from  the  shore  in  the  Kickemuit  River  on  Deceml)er 
4.     They  are  about  six  months  old.     Photograph  life-size. 

25.  These  specimens  represent  the  average  (larger)  size  of 
clams  taken  from  the  shore  in  the  Kickemuit  River  on  December 
4.  They  are  about  six  months  old.  Photograph  life-size.  Com- 
pare with  those  taken  at  Wickford,  on  shore,  at  the  same  date. 
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ON    THE    CORRELATION    BETWEEN    GROWTH 
AND    FOOD    SUPPLY    IN    STARFISH. 

A.    D.    MEAD. 

In  the  higher  vertebrates  there  is  a  pretty  constant  relation 
between  the  age  of  an  individual  and  its  size,  at  least  up  to 
the  time  when  the  full  stature  is  reached.  This  relation  is 
expressed  in  carefully  constructed  curves  of  growth,  and  it  may 
be  inferred  from  common  observation.  The  healthy  individual 
must  be  able,  during  its  early  life,  not  only  to  hold  its  own  in 
respect  to  size,  but  also  to  grow  ;  the  time  between  meals  must 
be  comparatively  short,  and  the  nourishment  assimilated  must 
be  more  than  sufficient  merely  to  replenish  waste  tissue. 
Minot  has  shown  for  guinea  pigs  that  even  "  any  irregularity 
in  the  growth  of  an  individual  tends  to  be  followed  by  an  oppo- 
site compensating  irregularity."  "  If  an  individual  grows  for 
a  period  exceedingly  fast,  there  immediately  follows  a  period  of 
slower  growth  ;  and,  vice  versa,  those  that  remain  behind  for  a 
time,  if  they  remain  in  good  health,  make  up  the  loss  (at  least 
in  great  part  if  not  always  completely)  soon  after."  "  Each 
individual  appears  to  be  striving  to  reach  a  particular  size  "  — 
a  particular  size,  we  might  add,  not  only  for  the  adult  age  but 
for  any  particular  previous  age. 

The  normal  rate  of  growth  of  marine  invertebrates  seems 
not  to  have  received  much  attention,  and  were  one  to  inquire 
among  longshoremen  or  seaside  naturalists  how  old  an  eight- 
inch  lobster  is,  or  how  long  it  takes  a  starfish  to  grow  to  a  cer- 
tain size  or  to  become  sexually  mature,  he  would  meet  with  an 
interesting  variety  of  opinions  and  receive  little  satisfactory 
information. 

Several  years  ago  Alexander  Agassiz  made  an  estimate  of  the 
rate  of  growth  in  starfishes,  which  was  based  upon  the  supposi- 
tion that  a  close  relation  does  obtain  between  size  and  age  in 
these  animals  as  well  as  in  vertebrates.     The  method  which  he 
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employed  was  previously  used  by  the  elder  Agassiz  for  ascer- 
taining the  age  of  many  marine  animals  {Proc.  Essex  hist., 
1863),  and  is  explained  in  the  following  quotation  from  the 
monograph  on  North  American  starfishes  : 

"The  young  starfishes  figured  on  this  plate  (PI.  VIII)  were 
all  found  attached  to  roots  of  Laminaria  thrown  up  on  the 
beaches  in  the  neighborhood  after  a  storm  ;  and  from  their 
different  stages  of  growth,  as  compared  with  the  oldest  starfish 
raised  from  a  brachiolarian  (PI.  VI,  Fig.  1 1),  specimens  of  which 
were  also  found  upon  these  roots,  it  is  probable  that  the  sizes 
here  figured  are  one  (Fig.  i),  two  (Fig.  8),  and  three  (Fig.  10) 
years  old.  A  considerable  number  of  specimens  were  picked 
up  in  this  way,  and  they  could  all  be  arranged  into  very  dis- 
tinct groups,  representing  the  starfishes  of  the  present  and  two 
previous  seasons.  There  seemed  to  be  no  gradation  from  one 
group  to  another,  such  as  we  have  among  the  young  sea  urchins, 
which,  in  consequence  of  their  manner  of  breeding  during  the 
whole  year,  form  series  the  relations  of  which  it  is  impossible 
to  determine.  In  this  connection  I  would  say  that,  by  arrang- 
ing the  starfishes  found  upon  our  rocks  into  series  according 
to  their  size,  we  are  able  to  obtain  a  rough  estimate  of  the 
number  of  years  required  by  them  to  attain  their  full  develop- 
ment ;  this  I  presume  to  be  somewhere  about  fourteen  years. 
They  begin  to  spawn  before  that  time,  as  specimens  have  been 
successfully  fecundated  which  evidently  were  not  more  than 
six  or  seven  years  old." 

During  the  summer  of  1898  the  writer  had  an  excellent  oppor- 
tunity to  study  the  rate  of  growth  of  the  starfish  {Astcrias 
forbesii)  at  a  floating  laboratory  moored  in  one  of  the  estuaries 
of  Narragansett  Bay.  The  breeding  season  was  short  and 
definite,  and  the  larvae  began  to  "  set  "  the  last  of  June. 

On  June  29,  innumerable  young  starfish,  about  as  large 
as  the  head  of  a  pin,  were  discovered  clinging  to  the  eel- 
grass  and  to  the  rockweed  and  other  algae,  where  a  few  days 
before  none  could  be  found.  A  handful  of  the  fluffy  seaweed, 
Heteromorpha,  bespangled  with  minute  stars,  was  placed  in  a 
floating  car,  whose  sides  were  encrusted  with  a  young  growth 
of  barnacles,  fresh  fronds  of  green  algae,  and  delicate  branch- 
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ing  stalks  of  hydroids.  That  the  little  starfish  found  here  a 
natural  and  congenial  environment  was  evident  from  their 
healthy  appearance,  their  quick  response,  and  their  rapid  growth. 
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They  were  kept  under  obser\'ation  until  November  and  fed  on 
barnacles,  small  clams,  and  mussels.  As  they  were  examined 
from  time  to  time,  two  features  of  their  growth  were  espe- 
cially noteworthy,  t-/^.,  its  rapidity  and  the  difference  in  rate  in 
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different  individuals.  On  June  29  none  of  the  stars  meas- 
ured more  than  i  mm.;^  on  July  18  one  of  the  larger  speci- 
mens measured  5  mm.  ;  July  26,  9  mm.  ;  August  18,  18  mm.  ; 
September  26,  35  mm.  ;  October  25,  54  mm.  (over  2  inches). 
Curve  I,  Fig.  i,  is  a  graphic  representation  of  the  growth  of 
these  stars  and  is  constructed  from  measurements  of  the 
largest  specimens  which  could  be  found  in  the  car  at  each 
observation.  At  any  time  after  the  first  few  weeks  some  of 
the  specimens  were  three  times  as  large  as  others,  and  between 
these  all  intermediate  stages  could  be  found.  On  August  18, 
for  instance,  eight  specimens,  arranged  according  to  their  sizes, 
measured  7>^,  8>^,  io>^,  12,  13,  143^,  16,  and  18  mm.  A 
similar  series  —  or  a  more  perfect  one — might  at  any  time 
be  arranged  from  specimens  taken  along  the  shores. 

From  the  fact  that  in  starfish  of  the  same  age  such  great 
differences  in  size  exist,  with  all  gradations  between  the  ex- 
tremes, it  is  evident  that  there  is  danger  in  applying  to  them 
Agassiz's  method  of  ascertaining  age.  Indeed,  the  specimens 
which  were  calculated  by  him  to  be  three  years  old  were  not 
one-fifth  as  large  —  linear  measurement  —  as  those  known  by 
actual  observation  to  be  only  three  months  old. 

Coming  now  to  the  consideration  of  the  conditions  which 
determine  the  difference  in  the  rate  of  growth  in  these  animals, 
we  may  exclude  certain  factors  at  once ;  for  example,  the  influ- 
ence of  light,  temperature  and  density  of  the  water,  and  size 
of  containing  vessel,  inasmuch  as  these  conditions  are  practi- 
cally the  same  for  all  the  individuals  under  observation. 

It  appears  from  some  other  experiments,  however,  that  dif- 
ference in  the  amount  of  food  is  the  principal,  if  not  the  only, 
factor.  The  starfish  differs  from  the  higher  animals  in  this 
important  respect ;  it  can  eat  and  assimilate  many  times  as 
much  food  as  is  necessary  merely  to  maintain  a  healthy  condi- 
tion. When  food  is  accessible,  the  starfish  eats  voraciously 
and  grows  with  great  rapidity  ;  but,  on  the  other  hand,  it  will 
live  for  months  almost  without  food  and  apparently  remain 
healthy,   though  it  does  not  grow.     As  one  watches  a  large 

1  All  the  measurements  given  below  as  "length  "  are  from  the  mouth  to  tip  of 
arm. 
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number  of  stars  of  the  same  age  and  size,  transferred  to  a  new 
car,  he  will  not  fail  to  notice  that  some  of  them  happen  upon  a 
favorable  food  supply  before  the  others,  and  in  consequence 
grow  at  first  much  faster  than  the  rest.  Then,  not  only  do 
these  larger  specimens  have  the  better  chance  of  getting  food, 
but,  if  the  animals  usually  preyed  upon  become  scarce,  the 
larger  starfish  do  not  hesitate  to  devour  the  smaller  ones.  It 
was  noticed  repeatedly  that  the  variation  in  the  rate  of  growth 
was  much  greater  among  the  starfish  whose  food  supply  was 
limited  than  among  those  abundantly  provided  for.  The 
immediate  effect  upon  the  rate  of  growth  of  the  supplying 
and  the  withholding  of  food  is  demonstrated  in  the  followino- 
experiments. 

One  of  the  starfishes  in  the  car  which  had  grown  most  rap- 
idly up  to  August  18,  when  it  measured  18  mm.  (see  curve  i), 
was  kept  until  September  26  with  very  little  to  eat.  Dur- 
ing these  five  weeks  there  was  no  growth  in  this  specimen 
(curve  2),  but  rather  a  slight  decrease,  although  the  largest 
specimen  left  in  the  car  had  doubled  its  length. 

Another  small  starfish  (curve  3),  which  was  caught  in  the 
tow  net  as  a  brachiolarian  and  "  set "  in  the  aquarium  on 
June  28,  was  kept  on  a  very  small  allowance  of  food  until 
July  23,  when  it  measured  2  mm.  It  was  then  fed  occasion- 
ally on  small  barnacles,  and  on  September  6  measured  5  mm. 
After  this  it  was  given  an  abundance  of  food,  with  the  fol- 
lowing result:  September  26,  12  mm.;  October  12,  21  mm.; 
November  5,  30  mm. 

Several  other  starfish  which  were  caught  in  the  tow  and  set 
in  an  aquarium  at  the  same  time  with  the  last  were  kept  on  a 
small  allowance  until  September  6,  and  were  then  apparently 
in  good  health,  although  they  had  grown  but  little.  Fig.  2  A 
represents  one  of  these  at  the  age  of  about  five  weeks,  and 
Fig.  2  B  represents  a  well-nourished  specimen  of  the  same 
age,   taken  from  the  car. 

Two  specimens  (curves  4,  5)  of  medium  size,  7  mm.  and 
10^  mm.,  respectively,  were  transferred,  on  August  3, 
from  the  original  car,  where  they  had  been  reared  on  barnacles, 
to   an    adjacent    car.     They  were    supplied    with   a  bunch  of 
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small  mussels,  which,  however,  the  starfish  could  not  or  would 
not  open,  and  on  August  i6,  after  a  period  of  thirteen  days, 
they  had  not  grown  at  all.  From  this  time  they  were  pro- 
vided with  an  abundance  of  their  usual  food  —  barnacles  —  and 
grew  with  great  rapidity,  as  is  indicated  in  the  curves.  On 
November  12  they  measured,  respectively,  36  and  41  mm. 

Incidentally  curve  4  shows  another  interesting  point,  namely, 
that  the  loss  of  an  arm  does  not  cause  a  diminution  in  the  rate 
of  growth.  On  September  5  an  arm  was  accidentally  torn  off, 
yet  the  rate  of  growth  of  the  rest  of  the  body  was  as  rapid  as 


Fig.  2  A.  Fig.  2  B. 

These  figures  represent  two  starfishes  of  the  same  age  (5%  weeks). 

before,  and  as  rapid  as  that  of  the  other  starfish  (curve  5). 
The  rate  of  growth  in  the  regenerating  member  is  indicated  in 
curve  4  a. 

The  age  at  which  the  starfish  becomes  sexually  mature  also 
depends  upon  the  rate  of  growth  ;  in  other  words,  a  starfish 
must  attain  a  certain  size  before  it  may  become  sexually  mature. 
During  May,  the  month  preceding  the  breeding  season,  nearly 
all  the  starfishes  measuring  over  50  mm.  (2  inches)  are  full  of 
ripe  sex  products,  and  occasionally  ripe  specimens  are  taken 
which  measure  only  32  mm.  Larvae  have  been  obtained  by 
artificial  fertilization  from  parents  measuring  38  mm.  Now 
many  of  the  starfishes  raised  in  the  car  were  considerably  more 
than    38   mm.   in  length   on   October    25,    three  months  after 
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setting,  and  their  sex  glands  were  quite  as  well  developed  as 
they  were  in  the  average  stars  of  any  size  at  that  season  of  the 
year.  Allowing  the  very  moderate  estimate  of  15  mm.  for  the 
growth  of  such  individuals  during  the  next  six  months,  in  May 
they  would  be  more  than  50  mm.  in  length,  and  such  speci- 
mens are,  with  rare  exceptions,  sexually  mature.  We  are 
warranted  in  inferring,  therefore,  that  well-nourished  star- 
fishes arrive  at  sexual  maturity  and  breed  before  they  are  a 
year  old. 

On  the  other  hand,  it  is  evident  that  many  starfishes  do  not 
reach  sexual  maturity  in  one  year,  since  small,  immature  speci- 
mens, between  10  and  20  mm.  in  length,  are  not  uncommon 
just  before  the  breeding  season  begins. 

Desultory  observations  on  other  marine  invertebrates,  e.g., 
the  clam,  oyster,  and  lobster,  indicate  that  the  conditions  of 
their  growth  are  essentially  similar  to  those  of  the  starfish,  and 
to  this  extent  substantiate  the  conclusion  that  between  the 
higher  and  lower  animals  there  are  fundamental  differences  in 
the  phenomena  of  growth. 

Brown  University, 

November  9,  1S99. 
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By  a.  D.  mead,  Ph.D., 
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The  investigation  of  the  habits  and  life-history  of  the  star-fish  has  been  carried 
on  at  the  suggestion  and  under  the  auspices  of  the  Khode  Island  Commission  of  Inland 
Fisheries.  The  observations  were  made  principally  at  the  Kickenmit  Eiver,  Rhode 
Island,  where  a  houseboat,  moored  over  one  of  the  oyster-beds,  served  as  a  floating- 
laboratory.  Through  the  courtesy  of  the  U.  S.  Fisli  Commission  in  extending  to 
me  the  privileges  of  the  Woods  Hole  Station  and  in  giving  yie  the  use  of  one  of  the 
steam  launches  I  was  able  to  make  observations  upon  the  star-fish  in  other  portions  of 
Narragansett  Bay  and  to  extend  the  work  into  Buzzards  Bay.  From  oystermen  I 
have  received  valuable  information  and  assistance,  and  on  every  occasion  the  kindest 
treatment.  The  report  is  presented  in  the  form  of  questions  and  answers,  the  ques- 
tions being  such  as  would  be  propounded  by  a  practical  oysterman,  and  intended  to 
bring  out  information  of  value  in  combating  the  ravages  of  the  star-fish.  This  paper, 
in  slightly  different  form,  appears  in  the  twenty-ninth  annual  report  of  the  Commis- 
sioners of  Inland  Fisheries  for  the  State  of  Rhode  Island,  January,  1899. 

IDENTIFICATION  AND  DISTRIBUTION  OF   THE   STAK-FISH. 

I.  Does  the  animal  known  to  our  fishermen  as  the  starfish  or  five  finger  belong  to 
one  or  to  several  species? 

It  is  evident  that  if  there  are  two  or  more  species  artificial  or  natural  agents 
destructive  to  one  may  prove  quite  harmless  to  the  others.  There  are  in  ]S'arragan- 
sett  Bay  4  species  of  star-fishes,  out  of  the  800  or  more  which  are  known  to  occiir  the 
world  over.  They  are:  The  common  star-fish  {Asterias  forhesii);  the  purple  star  fish 
{ Aster ias  ndgar is);  t]ie  hhwd  sta,r-&sh  {Crihrella  sanguinolenta);  the  snake  star-fish 
{OphiophoUs  aculeata).  Only  the  first  two  species  are  considered  in  this  report.  The 
last  two  are  so  distinctly  different  from  each  other  and  from  the  first  two  that  there  is 
no  difficulty  in  identifying  themj  neither  is  harmful  to  the  shell-fish  fisheries. 

The  common  star- fish  and  the  related  purple  star  vary  so  much  with  regard  to  color, 
shape  of  arms,  size,  number  of  species,  etc.,  that  the  French  naturalist  Perrier  has 
made  five  distinct  species  of  Asterias  to  include  those  star-fish  along  our  coast  which 
according  to  American  naturalists,  L.  Agassiz,  Stinipson,  and  Verrill,  belong  to  two 
species  only.  I  have  endeavored  during  the  last  year  to  ascertain  whether  some  of 
these  varieties  were  to  be  explained  as  a  difference  in  sex,  but  have  been  unable  to 
discover  any  such  relation,  and  am  not  able  to  distinguish  males  from  females  except 
by  the  sexual  products. 

203 
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II.  What  is  the  (jeoijraphicdl  and  hat hymet Heal  distribntionf 

The  reply  to  this  question  will  indicate  the  area  subject  or  most  liable  to  invasion. 
The  i^nrple  star  ranges  from  Labrador  (probably  farther  north)  to  Cape  Hatteras,  and 
is  most  common  north  of  Cai)e  Cod.  The  common  star  ranges  from  Maine  to  the 
Gulf  of  Mexico,  and  is  the  species  most  common  south  of  Cape  Cod.  The  bathymet- 
rical  distribution  of  the  purple  star  is  from  high  water  to  208  fathoms,  and  of  the 
common  star  from  high  water  to  20  fathoms. 

From  the  numerous  dredging'  expeditions  of  the  U.  S.  Fish  Commission  launches 
and  the  steamer  Fish  TTairJx-  carried  on  in  1808  it  appears  that  in  Narragansett  Bay  the 
purple  star-tisli  {Asterias  ruh/aris)  is  practically  restricted  to  the  lower  jwrtion  of  the 
bay,  below  Gould  Island,  though  occasionally,  perhaps,  taken  farther  north.  One,  for 
instance,  was  taken  near  Dyer  Island,  among  1,000  or  more  of  the  common  species.  I 
have  never  known  a  single  one  among  the  thousands  of  bushels  of  star-fish  captured 
on  the  oyster-beds  in  the  upper  half  of  the  bay.  The  common  star,  on  the  other  hand, 
occurs  in  greater  or  less  abundance  everywhere  from  Fox  Point  to  the  mouth  of  the 
bay,  and  is  the  only  species  that  commits  depredations  upon  our  oyster-beds.  (The 
pur[)le  star  would  doubtless  be  destructive  if  it  were  j^resent.)  The  stars  from  the 
vicinity  of  the  oyster-grounds  are,  moreover,  very  similar  to  one  another  in  apjiearance, 
as  compared  with  those  collected  in  one  locality  at  Woods  Hole,  where  one  haul  of  the 
mops  may  bring  up  star^  which  apparently  belong  to  several  (i[uite  difterent  varieties. 

There  are  other  varieties  differing  from  those  on  our  oyster-beds  and  from  the 
purple  star,  which  seem  to  be  characteristic  of  certain  localities.  Thus,  at  the  head  of 
Buzzards  Bay,  at  ^eys  Neck,  a  large  number  of  common  stars  were  collected,  which 
were  very  similar  to  one  another,  but  quite  different  from  those  on  our  oyster-grounds. 
They  had  very  large  coarse  spines  and  were  of  a  bronze  color.  The  si)ecimens  taken 
by  the  Fish  RaicJc  in  waters  south  of  Xarragansett  Bay  seem  to  constitute  a  A'ariety 
(maroon  star)  which  occupies  this  area  to  the  exclusion  of  other  kinds. 

It  is  not  known  certainly  whether  each  of  these  so-called  varieties  is  an  actual 
variety  in  the  sense  that  the  individuals  breed  true,  or  whether  the  peculiar  appear- 
ance is  due  merely  to  the  fact  that  the  individual  stars  are  bred  and  reared  in  a 
particular  locality.  If  it  should  jirove  to  be  true  that  the  young  of  a  certain  variety, 
e.  g.,  the  maroon  star,  are  always  like  the  parent  stars,  no  matter  where  they  grow, 
we  might  be  able  to  determine  to  what  extent  the  star-fish  are  dispersed  while  in 
the  free-swimming  larval  condition. 

MODE    OF   LIFE. 

III.  What  is  the  method  of  locomotionf  {It  is  possible  that  some  harrier  might  he 
arranged  that  tcould  limit,  if  not  prevent ,  invasion.) 

The  star-fish  crawls  or  glides  over  submerged  surfaces  by  means  of  the  very 
numerous  "  suckers,"  or  feet,  which  protrude  from  the  furrows  on  the  under  side  of 
the  arms.  Small  stars,  I  inch  or  less  from  tip  to  tip,  are  frequently  seen,  ventral  side 
uppermost,  moving  along  with  their  suckers  reaching  up  to  the  surface  of  the  water. 
This  performance  can  be  carried  on  only  when  the  water  is  very  quiet,  and  is  not  often 
observed  outside  the  aquarium.  The  buoyancy  of  the  water  and  the  great  number 
of  sucking  feet  enable  the  animal  to  crawl  over  the  softest  silt  and  the  smoothest 
hard  surfaces  with  ease,  while  the  remarkable  suppleness  of  the  body  enables  it  to  get 
through  incredibly  small  crevices.     Besides  this  ordinary  mode  of  locomotion,  another 


NATURAL    HISTORY    OF    THE    STAR-FISH.  205 

peculiar  metliod  has  beeu  accredited  to  the  star-flsh  by  many,  namely,  that  of  cliuging 
together  in  great  clusters  and  rolling  along  the  bottom  with  the  tide. 

The  tradition  is  that  large  numbers  of  stars  cling  together  to  form  a  compact 
ball  from  1  to  3  feet  or  more  in  diameter,  which  is  rolled  along  the  bottom  by  the  tide 
until,  striking  an  oyster-bed.  the  ball  goes  to  pieces  and  the  stars  begin  work  at  once. 
It  is  difficult  to  tind  an  actual  eye-witness  of  this  phenomenon,  though  Ernest  Inger- 
soll  tells  of  an  old  oysterman,  "Captain  Eaton,  of  New  Haven,  who  said  that  he  and 
his  brother  once  raked  up  the  end  of  a  cylindrical  roll  of  star-lishes  clinging  tightly 
together,  which  they  hauled  into  their  boat  until  it  would  contain  no  more,  when  the^' 
had  to  break  the  roll  or  'string,'  as  he  called  it,  which  was  a  foot  or  more  in  diameter." 
The  "string"  was  composed  only  of  star-fishes.  I  have  never  observed  anything  to 
confirm  in  the  slightest  degree  the  truth  of  these  stories,  though  I  have  seen  balls  of 
star-fish  clinging  to  each  other.  Upon  examination  it  was  evident  that  the  stars 
were  all  endeavoring  to  devour  some  animal  held  in  their  midst. 

For  the  purpose  of  testing  the  ability  of  star-fish  to  creep  over  soft  surfaces, 
vaseline  was  smeared  thickly  on  a  vertical  glass  plate  and  on  the  under  side  of  a 
horizontal  glass  ])late.  These  plates  were  submerged  in  the  aquarium  with  the  star- 
fish, which  measured  2  or  3  inches  from  tip  to  tip.  The  animals  were  observed  to 
crawl  over  both  these  surfaces  with  no  apparent  difficulty.  Paraffin  was  used  in  the 
same  way  and  with  the  same  result.  It  would  appear,  therefore,  that  submerged 
surfaces,  though  ever  so  soft  or  slippery,  would  not  be  efltective  barriers  against  the 
invasion  of  stars.  They  will  not  crawl  out  of  the  water,  nor  even  protrude  an  arm 
above  the  surface,  but  will  move  along  over  a  surface  covered  with  a  very  thin  layer  of 
water,  even  if  it  is  not  deep  enough  to  cover  the  whole  body.  They  are  perfectly 
secure,  therefore,  in  a  dish  of  water  as  shallow  as  a  soup  plate,  so  long  as  the  water 
does  not  flow  over  the  edge;  but  if  placed  in  an  aquarium  which  is  constantly  over- 
flowing, they  will  frequently  crawl  over  the  edge  and  down  the  outside.  Xo  barrier, 
therefore,  over  which  even  a  thin  layer  of  water  is  flowing  would  be  eftective. 

IV.   To  or  from  ichat  distance  may  star-Jish  migrate? 

This  is  a  problem  which  has  a  decidedly  practical  bearing,  but  we  have  as  yet  very 
little  accurate  data  for  its  solution.  I  have  been  told  hy  several  oystermen  that  stars 
sometimes  suddenly  appear  in  great  numbers  upon  oyster-beds,  and  move  over  them 
at  the  rate  of  \  mile  per  day,  more  or  less.  It  is  generally  understood,  also,  that 
there  is  some  sort  of  a  seasonal  migration,  especially  noticeable  in  spring  and  fall,  but 
the  character  and  extent  of  this  migration,  if  it  really  occurs,  is  unknown. 

If  a  star  crawled  constantly  in  one  direction  at  the  rate  of  G  inches  per  minute, 
which  is  a  fair  rate  for  a  medium-sized  one,  it  would  travel  about  4  miles  in  a  month. 
At  this  rate  star-fish  could  go  from  one  end  of  the  bay  to  the  other  in  the  course  of  the 
summer.  But  tuere  is  no  good  evidence  that  they  take  such  extended  excursions. 
The  fact  that  they  can  be  found  all  the  year  round  in  the  upper  part  of  the  bay,  and 
on  the  oyster-beds,  shows  that  there  is  no  wholesale  migration  to  great  distances. 

There  are  some  other  facts  which  seem  to  indicate  that  the  wanderings  of  these 
animals  are  rather  limited  in  extent.  Certain  kinds  of  star-fish  which  are  common  in 
one  part  of  the  bay  are  not  found,  or  are  rare,  in  other  parts.  The  purple  star  and 
"maroon  star"'  do  not  migrate  into  the  upper  half  of  the  bay,  although  the  purple 
star,  at  least,  might  live  in  these  waters,  as  I  have  found  by  keeping  them  in  confine- 
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uieiit.  The  star-tisli  iu  two  neighboring-  parts  ol"  the  bay,  namely,  Mount  Hope  Bay 
and  Kickeiuuit  River,  do  not  seem  to  migrate  back  and  forth,  for  those  caught  iu 
Kickemuit  River,  during  the  past  two  years  at  least,  were  for  the  most  part  small, 
rarely  measuring  more  than  3  inches  from  center  of  disk  to  tip  of  arm,  yet  about  a 
mile  from  the  mouth  of  this  river  there  have  been  great  quantities  of  very  large  stars 
with  arms  i  inches  long  or  more.  In  Rarriugton  River  there  seems  to  be  a  great 
preponderan(!e  of  small  stars,  about  2^  inches  (arm)  or  less,  of  a  reddish-brown  color 
and  thus  distinguishable  from  the  average  star-fish  caught  in  the  vicinity  of  Nayatt. 
After  the  great  freshet  in  the  spring  of  1888  nearly  all  of  the  star-fish  in  the  Kickemuit 
River  perished,  Mr.  Bourne  tells  me,  and  were  not  again  troublesome  for  three  or  four 
years. 

These  facts,  though  not  conclusive,  lead  to  the  conjecture  that  natural  barriers  to 
the  migrations  of  star-fishes  exist  iu  our  bay.  Some  of  these  may  be,  depth  of  water, 
density  of  water,  or  a  strip  of  barren  bottom.  If  the  conjecture  is  correct,  that  the 
migrations  of  the  star-fish  are  confined  to  comj^aratively  limited  areas,  the  prospect 
of  diminishing  their  numbers  by  a  systematized  eftbrt  is  encouraging. 

V.  What  animals  are  devoured  hy  the  star -fish  for  food?  If  the  youn</  star-fish  feed 
habitually  upon  certain  animals,  it  is  possible  that  the  destruction  of  the  latter  will  cause 
the  former  to  perish. 

Star-fish,  especially  when  young,  are  exceedingly  voracious  feeders,  prey  upon 
oysters,  clams,  mussels,  barnacles,  various  kinds  of  sea-snails  (including  oyster-drills), 
worms,  and  small  Crustacea,  and,  if  slightly  pressed  by  hunger,  turn  cannibals  and  prey 
upon  smaller  star-fish.  From  its  depredations  upon  the  oyster-beds  of  New  Enghmd 
the  star-fish  has  become  notorious.  Collins  (Notes  on  Oyster  Fishery  of  Connecticut) 
estimates  that  in  1888  the  damage  done  to  the  beds  in  the  Connecticut  waters  alone 
was  $631,500,  although  12,000  bushels  of  stars  were  taken  from  the  beds  that  year. 

It  was  found  during  the  summer  of  1898  that  the  star-fish  in  Mount  Hope  Bay 
and  in  the  vicinity  of  Nayatt  were  feeding  in  great  numbers  upon  a  little  bivalve  which 
closely  resembles  a  young  quahog,  but  which  is  an  adult  mollusk  of  another  species 
{Mulinia  lateralis).  Fig.  1  represents  a  large  specimen,  natural  size.  The  Fish  Haivlc 
recently  found  these  animals  exceedingly  abundant  in  certain  parts  of  the  bay. 

Mussels  are  a  favorite  food  of  the  stars,  and  doubtless  many  thousand  bushels 
of  mussels  are  devoured  by  them  every  season.  Indeed,  some  of  tlie  mussel  beds  have 
disappeared  within  the  last  few  years,  having  been  destroyed,  probably,  by  the  stars. 
Unlike  the  oyster-beds,  the  mussel-beds  are  not  protected  from  the  onslaughts  of  the 
stars,  and  we  can  appreciate  the  extent  of  the  damage  to  the  mussel,  if  we  imagine 
the  condition  of  a  bed  of  small  oysters  unprotected  from  starfish  for  a  single  season. 

In  rearing  the  young  stars  for  the  purpose  of  studying  their  rate  of  growth,  etc., 
I  found  them  to  be  very  fond  of  small  clams  and  barnacles,  as  well  as  of  young  oysters. 
A  more  detailed  reference  to  the  damage  done  to  young  clams  by  the  star-fish  will  be 
found  on  p.  215.  I  have  caught  stars  in  the  act  of  devouring  oyster-drills,  and  believe 
it  probable,  therefore,  that  the  drills,  which  are  a  serious  menace  to  the  oysters  in  some 
localities  where  the  star-fish  are  rare,  are  to  some  extent  held  in  check  by  the  stars. 

VI.  What  is  the  method  of  feeding'^ 

The  moutli  of  the  star  fish  is  in  the  center  of  the  disk  on  the  lower  side  of  the 
body.  Comparatively  small  pieces  of  food  are  taken  into  the  stomach,  and  the  refuse 
ejected  again  through  the  mouth.     But,  since  the  mouth  is  small  (about  l  inch  in  a 
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good-sized  star)  aud  sunoiiuded  by  calcareous  i)lates,  larger  animals,  which  form  the 
greater  part  of  the  star-tisli  bill  of  fare,  are  necessarily  digested  without  being  taken  in 
through  the  mouth.  The  stomach  therefore  is  turned  inside  out  and,  wrapping  itself 
about  the  animal  to  be  devoured,  digests  it  where  it  lies,  and  is  then  withdrawn  to 
its  normal  position  within  the  body.  It  is  safe  to  say  that  the  stomach  can  be  pro- 
truded for  a  distance  equal  to  the  length  of  the  star-tish's  arm. 

The  greater  part  of  the  animals  upon  which  the  star-fish  prey  are  mollusks  pro- 
tected by  hard  shells;  for  example,  the  sea-snails,  mussels,  (luahogs,  and  oysters.  How 
does  the  star  get  at  the  soft  part  of  the  mollusks?  This  question  has  given  rise  to  a 
great  deal  of  interesting,  not  to  say  amusing,  speculation,  especially  with  respect  to  the 
oyster.  An  old  tradition  in  England  and  this  country  is  to  the  effect  that  the  star 
takes  the  oyster  by  suprise  and  puts  an  arm  into  its  gaping  shell;  then  a  tight  ensues. 
Sometimes  the  oyster  is  victorious,  while  the  star-fish  retreats  minus  an  arm,  but  often 
the  oyster  succumbs,  since  it  can  not  live  long  with  its  shell  open,  and  the  star  then 
devours  its  prey  at  leisure.  There  are  two  facts  that  are  sufficient  to  disprove  this 
theory.  In  the  first  place,  the  oyster  is  very  sensitive  and  feels  the  slightest  dis- 
turbance in  the  vicinity  of  the  margin  of  the  open  shell.  In  the  second  place,  the 
shell  does  not  open  wide  enough  to  admit  the  arm  of  the  star.  Moreover,  simple 
observation  of  the  star-fish  during  the  process  of  eating  disproves  the  story. 

It  is  supposed  by  many  that  the  star-fish  injects  a  poison  into  the  shell  which 
causes  the  latter  to  open.  But  the  valves  of  the  shell  can  be  shut  water  tight  aud 
would  exclude  such  a  poison.  I  have  taken  away  from  the  star-fish  oysters,  mussels, 
aud  drills  which  had  already  been  opened,  aud  placed  them  in  an  aquarium,  where  they 
soon  recovered  and  behaved  as  though  nothing  had  happened.  Schiemenz  found  the 
same  to  be  true  in  the  case  of  the  quahog  (  Venus ). 

Some  have  supposed  that  the  star  bores  a  hole  through  the  shell  of  the  victim, 
but  the  star  has  no  boring  apparatus,  and  the  shells  known  to  be  opened  by  the  star 
have  no  holes  in  them. 

It  is  a  very  common  belief  that  an  acid  is  secreted  by  the  star,  which  dissolves  the 
shell  so  that  an  entrance  is  effected.  After  a  successful  opening,  however,  the  litmus 
paper  shows  no  acid  from  the  stomach  of  the  star-fish,  and  the  margin  of  the  shells 
shows  no  trace  of  having  been  acted  upon  by  an  acid.  A  considerable  quantity  of 
acid  would  be  required  to  sufficiently  dissolve  the  shell  of  a  medium  sized  oyster,  and 
this  would  undoubtedly  dissolve,  at  the  same  time,  the  unprotected  calcareous  spines 
about  the  mouth  of  the  star-fish  itself. 

The  most  prevalent  opinion  is,  perhaps,  that  the  star  cliips  away  the  thin  edges 
of  the  shell  until  an  entrance  is  gained  to  the  soft  parts.  The  broken  edges  of  oyster 
shells  which  have  been  opened  by  the  star  seem  at  first  to  sustain  this  opinion.  The 
process  is  thus  described  in  a  Providence  newspaper : 

The  star-fish  seizes  its  prey  by  clasping  its  tentacles  around  the  soft,  fringy  edge  of  the  oyster, 
which  it  eats  away  until  the  soft  oyster  can  be  sucked  from  the  orifice,  etc. 

Ingersoll,  in  an  article  on  the  oyster  industry,  after  speaking  of  the  alleged  use 
of  acid  in  opening  the  shell,  says: 

Moreover,  it  seems  unnecessary,  since  the  appearance  of  every  shell  attacked  at  once  suggests  the 
breaking-down,  chipping-off  niovement,  which  the  star-fish  might  easily  produce  by  seizing  and 
suddenly  pulling  down  with  the  suckers  nearest  the  mouth,  or  by  a  contraction  of  the  elastic  opening 
of  the  stomach.  At  any  rate,  the  thin  edge  of  the  shell  is  broken  away  until  an  entrance  is  made 
which  the  oyster  has  no  way  of  barricading. 
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An  oyster  which  has  not  been  injured  by  rouj>h  treatment  has  the  edges  of  tlie 
shell  extremely  thin  and  so  fragile  that  they  can  be  broken  down  with  a  camel's  hair 
brush.  The  lower  shell  is  particularly  fragile  near  the  edge.  It  will  be  noticed, 
however,  that  the  valves  frequently  do  not  come  together  at  all  at  the  extrejne  edge, 
and  the  real  line  of  contact,  the  biting  edge,  is  one-fourth  inch  or  more  further  back. 
The  chipping  of  the  margin  of  the  shell  by  the  star-fish  is  merely  accidental,  and  avails 
nothing  in  getting  at  the  soft  parts  of  the  oyster.  I  have  carefully  examined  a  large 
number  of  shells  of  oysters  known  to  have  been  devoured  by  star-fish,  and,  though 
they  appear  to  be  badly  chipped,  the  biting  edge  is  never  broken,  and  the  shells  have 
always  been  found  to  be  water  tight.  If  such  a  shell,  recently  opened  by  the  star,  be 
filled  with  water,  and  the  valves  held  between  the  thumb  and  the  finger,  the  water 
will  not  leak  out  even  though  the  shell  be  violently  shaken. 

In  mussels  Avhich  have  been  opened  by  the  star-fish  there  is  no  trace  of  any 
chipping  at  all.  The  reason  is  plain :  the  valves  of  the  shell  come  together  firmly  at 
the  very  edge:  there  is  no  delicate  fringe  at  the  margin.  The  same  is,  of  course,  true 
of  the  quahog.  IS^evertheless.  the  small  (piahog  and  mussel  are  readily  opened  by 
the  star-fish.  It  follows,  therelore,  that  if  the  star  gains  entrance  to  the  soft  oyster 
by  chipping  oft"  the  edge  of  the  shell,  a  difi'erent  process  must  be  adopted  in  entering 
a  mussel  or  quahog,  to  say  nothing  of  the  snails  which  it  also  devours. 

The  credit  of  solving  the  problem — How  do  the  star-fisli  open  oysters'? — is  due  to 
Dr.  Paulus  Schiemenz  of  Hanover,  Germany,  who  carried  on  his  investigations  at  the 
famous  zoological  station  at  Naples.  The  problem  was  suggested  to  him  by  Collins's 
report  of  the  enormous  injury  done  to  the  oyster-beds  by  the  star  fish  in  Long  Island 
Sound.  The  process  is  briefly  as  follows:  The  star-fish  so  covers  his  victim  that  the 
suckers  on  the  under  side  of  the  arms  are  distributed,  part  to  one  valve,  part  to  the 
other,  and  the  remainder  frequently  to  some  surrounding  object.  (In  the  case  of  the 
snails  the  suckers  are  attached  to  the  operculum  and  to  the  shell.)  The  suckers  are 
very  numerous  and  stick  fast,  and  a  tendency  to  straighten  the  arms  results  in  a 
constant  pull  on  the  shells  in  opposite  directions,  which,  if  strong  enough,  would  open 
the  shells.  It  is  true  that  a  star-fish  is  not  strong  enough  to  open  an  oyster  or  quahog 
immediately  in  this  manner,  but  it  can  and  does  fatigue  its  itTey.  The  constant, 
steady  pull  in  opposite  directions  soon  fatigues  the  muscle  which  holds  the  shell 
together,  and  the  oyster  or  clam  presently  gapes  open.  The  oyster  can  overcome  a 
strong  pull  for  a  short  time,  but  not  a  weaker  pull  for  a  long  time.  The  same  prin- 
ciple is  well  illustrated  in  the  case  of  the  periwinkle  or  couch.  If  a  string  be  tied 
around  the  '^foot"  so  as  to  give  a  good  hold  on  the  animal,  a  strong  man  can  not  pull 
the  mollusk  out  of  its  shell,  but  if  it  be  suspended  by  this  string  it  can  not  sustain 
for  a  long  time  even  its  own  weight.  On  the  same  principle  a  mau  who  can  hold  at 
arm's  leugth  a  weight  of  20  pounds  can  not  hold  his  empty  hand  in  this  position  for 
10  minutes.  Schiemenz  showed  by  experiment  that  the  star-fish  could  exert  a  pull  of 
over  1,200  grams,  and  that  a  i)ull  of  900  grams  is  sufiicient  for  opening  a  good-sized 
quahog  if  allowed  to  act  for  30  minutes. 

Often  more  than  one  star  takes  part  in  opening  an  oyster,  and  when  ojiened 
other  stars  often  enter  into  the  feast.  It  is  the  young  oysters  that  are  in  greatest 
danger  from  the  stars,  and  the  danger  decreases  as  the  oysters  grow  larger.  Oysters 
of  marketable  size,  that  is,  three  or  four  years  old,  are  comparatively  unmolested.  Of 
course  the  larger  stars  can  open  the  larger  oysters,  but  fortunately  the  larger  ones  are 
more  easily  caught  in  the  "  mops"  and  thus  more  easily  kept  off  the  beds.  It  has  not 
been  ascertained  how  large  an  oyster  can  be  opened  by  a  star-fish. 
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yil.  At  what  season  of  the  year  do  the  star- fish  spawn. ^  Jf  nt  <i particular  season, 
a  special  effort  should  be  made  to  JcLll  the  animals  before  spajcninf/,  and  thus  destroy  both 
stars  and  spawn, 

I  have  attempted  by  two  methods  to  determine  tlie  spawning  season  of  the  star- 
fishes in  the  upper  portion  of  Narragausett  Bay  and  at  Woods  Tlole.  The  first  method 
consisted  in  examining  a  large  number  of  adult  stars  at  intervals  during  the  year,  to 
see  if  they  contained  ripe  eggs  and  milt.  The  second  method  consisted  in  dragging  a 
fine  silk  "tow  net"  at  the  surface  of  the  water,  to  catch  the  free  swimming  young. 

Most  of  the  adult  star-fishes  examined  were  obtained  through  tbe  kindness  of  the 
oystermen  in  Kickemuit  River,  Mount  Hope  Bay,  and  the  vicinity  of  liocky  Point.  Ou 
July  19  and  22, 1897,  G30  stars  were  carefully  examined,  and  the  sizes  of  specimens  and 
of  sexual  glands  were  tabulated.  The  specimens  ranged  from  1^  to  3i  inches  (taking 
distance  from  mouth  to  tip  of  arm).  Fifteen  contained  eggs  or  sperm  apparently  ripe. 
In  some,  only  one  arm  contained  ripe  products.  None  of  these  apparently  ripe  speci- 
mens were  smaller  than  2  inches.  In  the  great  majority  the  sexual  glands  were 
small,  less  than  one-half  the  length  of  the  arm.  During  the  remainder  of  the  summer, 
stars  from  these  localities  were  frequently  examined,  and  occasionally  one  was  found 
with  ripe  eggs,  but  there  was  no  general  increase  in  the  size  of  the  glands. 

On  November  15  a  lot  of  stars  from  Rocky  Point  was  examined.  They  were  nearly 
uniform  in  size,  and  measured  about  3  inches.  In  about  half  of  these  specimens  the 
glands  were  half  the  length  of  the  arm,  but  none  were  rijie.  Among  the  75  specimens, 
measuring  approximately  3  inches,  collected  at  the  same  place  November  29, 14  seemed 
to  be  nearly  mature;  the  glands  in  41  others  were  half  the  length  of  the  arm;  the 
remainder  had  small  and  immature  glands. 

January  G,  1898,  Rocky  Point:  About  40  stars,  3.^  to  4  inches  in  length,  were 
examined.  Only  4  had  sexual  products  which  seemed  to  be  nearly  ripe,  while  the 
majority  seemed  less  mature  than  in  November. 

January  7,  Kickemuit  River:  .50  stars  ranging  between  2^  and  3.^  inches  (4  speci- 
mens measured  4  inches).  In  20  specimens  the  glands  were  considerably  developed, 
but  not  nearly  ripe.     In.  the  remaining  30  they  were  quite  small. 

January  15,  Kickemuit  River:  50  stars,  measuring  from  2i  to  3i  inches  were 
examined.  In  general,  there  was,  perhaps,  a  slight  increase  in  size  of  glands,  though 
in  over  30  they  were  very  small. 

February  9,  Rocky  Point:  12(3  stars,  2i  to  4  inches  long.  In  3  the  sexual  products 
were  ripe;  in  10,  nearly  ripe;  in  53,  large  and  turning  color,  becoming  slightly  pink; 
in  47,  small,  but  showing  signs  of  seasonal  development;  in  12,  very  small. 

February  12,  Kickemuit  River:  63  specimens,  measuring  from  2  to  3^  inches.  In 
6  the  glands  were  large  and  beginning  to  show  a  pink  color;  39  showed  seasonal 
development,  while  18  were  very  small. 

March  4,  Kickemuit  River  and  Mount  Hope  Bay:  39  specimens,  2J  to  3i  inches  in 
length;  1  was  apparently  quite  ripe;  2G  seemed  nearly  ripe;  the  glands  in  7  were 
beginning  to  change  color;  in  3  immature  but  showing  seasonal  development ;  in  only 
2  specimens  were  the  glands  very  small. 

March  7,  Rocky  Point:  99  specimens,  measuring  2  to  3i  inches;  5  were  apparently 
fully  ripe;  71  nearly  ripe  (very  large  glands);  in  20  the  glands  showed  the  pink  color 
slightly;  in  2  the  glands  were  small,  but  showed  seasonal  development;  only  1  had 
very  small  glands. 
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It  is  evident  that,  durinji-  the  latter  part  of  January  and  tbrougliout  the  month  of 
Febrnnry,  there  is  a  regnlar  increase  in  the  size  of  the  sexual  glands  in  nearly  all  the 
star-tishes  from  Koeky  Point.  Mount  Hope  Bay,  and  Kickemuit  Eiver.  By  the  end  of 
the  first  week  in  March,  the  great  majority  appear  to  be  nearly  mature,  while  the 
others,  except  in  a  few  cases,  show  a  distinct  seasonal  growth  in  the  sexual  glands. 
The  stars  at  this  time  begin  to  look  "fat,"  because  of  the  increased  size  of  these  glands 
and  of  the  digestive  glands,  usually  called  the  "liver,"  which  fill  the  arms. 

April  5,  Eocky  Point:  197  specimens  examined,  varying  in  length  from  2  to  4 
inches;  137  had  the  appearance  of  being  fully  ripe;  32  were  nearly  ripe;  in  20  the 
glands  were  beginning  to  show  the  pink  color;  in  9  they  were  smaller,  but  showed 
seasonal  development;  in  1  only  were  the  glands  very  small. 

April  13:  25  specimens,  out  of  a  basketful  from  Mount  Hope  Bay,  were  examined. 
All  seemed  ripe,  and  so  the  examination  was  not  carried  further.  Although  during 
the  first  two  weeks  in  April  the  stars  are  all  apparently  ripe,  they  do  not  discharge  the 
products  for  about  two  months.     During  this  time  they  appear  to  be  extremely  ''fat.'' 

On  May  17  the  stars  were  examined  again  in  Kickemuit  Eiver  and  Mount  Hope 
Bay,  and  appeared  very  much  as  in  April.  They  were,  perhaps,  more  distended  with 
spawn  and  milt,  but  had  uot  yet  discharged. 

During  the  first  four  days  of  June,  star-fish  from  many  localities  in  the  ui)per 
portion  of  the  bay  were  examined  on  board  the  launch  Sagitta,  engaged  by  the  United 
States  Fish  Commission.  The  stars  were,  almost  without  exception,  fall  of  very  ripe 
eggs  and  sperm,  which  were  easily  shaken  loose  in  the  water.  Small  specimens, 
measuring  in  many  instances  only  1^  inches,  were  fully  ripe.* 

The  height  of  the  spawning  season  occurred  between  this  date.  June  4,  and  June 
If).  From  June  10  to  June  28  the  star-fish  examined  in  manj'  localities,  especially  at 
Kickemuit  and  Eocky  Point,  had  extruded  most  of  their  eggs  or  sperm,  but  in  some 
the  ripe  spawn  was  found  in  one  of  the  arms,  or  merely  in  the  base  of  the  arms,  as 
though  not  quite  all  had  been  extruded.  Specimens  in  which  some  ripe  products 
were  left  were  more  frequent  on  the  10th  than  on  the  21st,  22d,  and  28th  of  the  mouth, 
Avhich  indicates  that  the  spawning  season  was  rapidly  drawing  to  a  close. 

Star-fish  examined  in  July,  and  occasionally  during  the  rest  of  the  summer, 
yielded  the  same  results  as  those  examined  at  the  same  season  in  1897;  most  of  them 
had  very  snmll  sexual  glands,  but  some  were  found  with  products  apparently'  ripe. 

On  June  22  I  searched  carefully  on  the  seaweed  and  eelgrass  in  Kickemuit  Eiver 
for  very  young  stars,  but  not  a  single  one  (under  one-half  inch  or  more)  could  be 
found.  On  June  29  another  careful  search  was  made  in  the  same  localit^r,  and  countless 
numbers  of  minute  stars  were  found,  most  of  them  about  the  size  of  the  head  of  a  pin. 
They  were  clinging  by  dozens  to  every  spear  of  eelgrass,  and  scattered  diftusely  through 
the  branches  of  flufij"  seaweed,  which  is  abundant  in  this  locality;  the  larger  of 
them  were  probably  not  more  than  a  few  days  old  (since  time  of  setting),  as  I  after- 
wards determined  by  watching  the  growth  of  those  whose  exact  time  of  setting  was 
known.  Doubtless,  therefore,  the  small  stars  were  absent,  and  not  overlooked,  in  the 
search  on  June  22.  1  feel  sure,  therefore,  that  in  this  locality  the  star-fish  firsc  begin 
to  set,  in  considerable  numbers,  on  June  28,  or  within  a  day  or  two  of  that  date. 

The  first  attempt  to  capture  stars  in  the  free-swimming  stage  of  their  exist- 
ence was  on  June  27,  at  Kickemuit.  The  tow-net  was  dragged  at  the  surface  at 
intervals  for  two  hours  in  the  evening.  The  weather  conditions  were  unfavorable, 
as  I  afterwards  learned,  and  for  this  reason  no  young  stars  were  caught.     On  the 


See  remarks  on  "Age  and  size  at  sexaal  maturity." 
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following-  morning,  June  28,  a  great  many  fry  were  swimming  at  the  surface  of  the 
water.  From  this  date  until  .fuly  KJ  they  could  be  taken  at  any  time,  unless  con- 
ditions were  i)articularly  unfavorable.  The  few  larva'  caught  on  .Inly  16,  however,  were 
old,  aiul  all  of  them  set  in  the  aquarium  during  the  next  lli  hours.  After  this  no  more 
larv*  could  be  obtained,  though  the  next  few  days  were  exceptionally  favorable. 

It  is  evident,  therefore,  that  in  Kickemuit  Eiver  the  season  during  which  the 
star-tish  larva^  set  in  considerable  numbers  began  about  June  28  and  ended  about 
July  16,  a  period  of  a  little  less  than  three  weeks.  Allowing  that  the  larvic  set  three 
weeks  after  the  spawn  is  laid  (which  is  the  period  given  by  Ingersoll),  we  may  conclude 
that  the  beginning  of  the  spawning  season  was  about  June  7,  and  the  end  June  28, 
while  the  height  of  the  season  was  the  first,  and  possibly  the  second,  week  in  June. 
From  the  observations  of  the  sexual  glands  of  the  adults,  it  appeared  that  the  greater. 
part  of  the  spawn  was  extruded  between  the  4th  and  16th  of  June.  The  facts,  therefore, 
obtained  by  both  of  these  methods  agree  very  closely. 

From  Dr.  Seitaro  Goto,  of  Tokyo,  Japan,  who  worked  in  Mr.  Agassiz's  laboratory 
at  Newport  in  1895,  I  have  obtained  the  following  interesting  data.  For  one  or  two 
days  before  July  15  the  larvic  had  been  very  numerous.  On  the  loth  they  were 
decreasing  in  number,  and  after  July  20  none  were  found.  At  Newport  in  1895,  there- 
fore, the  breeding  season  was  nearly  the  same  as  that  at  the  Kickemuit  Eiver  in  1898. 

At  any  time  in  the  year  a  few  star  fishes  may  be  found  which  contain  ripe  eggs 
and  spermatozoa,  but  it  is  not  known  that  these  eggs  are  laid  out  of  season.  If  they 
are,  the  chance  of  their  becoming  fertilized  is  small.  Dr.  Goto  writes  me  that  a  similar 
phenomenon  is  seen  in  a  Japanese  sj)ecies  of  sea  urchin.  He  is  able  to  obtain  ripe 
eggs  and  sperm,  and  to  fertilize  the  eggs  artificially,  even  in  the  midst  of  winter, 
though  the  species  probably  does  not  breed  in  these  waters  at  that  season. 

To  answer  briefly  the  ninth  question  we  may  say:  The  stars  in  the  upper  part  of 
Narragansett  Bay,  and  probably  throughout  the  bay,  have  a  short  spawning  season, 
beginning  about  the  second  week  in  June  and  continuing  two  or  three  weeks.  The 
young  fry  begin  to  set  the  last  week  in  June  and  continue  to  set  until  the  middle  of 
July.  The  fact  that  ripe  stars  may  be  obtained  in  very  small  numbers  througho  it 
the  year  is  of  no  practical  significance,  for  if  they  lay  their  eggs  out  of  season  the 
chances  are  comparatively  slight  of  their  being  fertilized. 

Observations  were  made  at  Woods  Hole  from  March  to  the  end  of  the  summer 
I  is  rather  difficult  to  interpret  the  results  satisfactorily,  for  at  no  one  period  were 
more  than  a  small  proportion  of  the  stars  at  Woods  Hole  ripe,  or  even  approaching  a 
ripe  condition,  and,  on  the  other  hand,  a  few  ripe  specimens  could  be  found  at  any 
time.  As  a  rule  the  sexual  glands  were  very  small,  like  those  of  the  Narragansett 
Bay  stars  in  midwinter,  and  it  was  noticeable  also  that  in  such  specimens  the  digestive 
glands  were  also  unusually  small.  The  latter  condition  I  take  to  be  an  indication  of 
poor  nourishment,  judging  trom  the  condition  of  poorly  fed  stars  kept  in  confinement 
as  compared  with  well- nourished  specimens.  I  am  inclined,  therefore,  to  assign  the 
failure  to  breed  to  the  same  cause. 

In  this  connection  1  may  observe  that  in  the  specimens  kept  over  winter  at 
Kickemuit,  with  very  little  to  eat,  the  sexual  glands  did  not  approach  a  ripe  condi- 
tion. An  examination  of  stars  taken  in  February  and  March  from  Narragansett  Bay 
shows  that  by  this  season  of  the  year  they  are  eating  voraciously,  shells  and  even 
fragments  of  star-fish  being  found  in  their  stomachs.  In  some  years  the  stars  have 
brexl  in  abundance  at  Woods  Hole,  but  the  notes  on  the  time  of  breeding  are  some- 
what puzzling,  as  they  indicate  that  the  time  varies  considerably. 
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VIII.  What  arc  the  habits  of  the  ''fry"  or  freesivi mining  iioumj t  The  young  of 
mam/  marine  animals,  irhile  far  more  abundant  than  the  adults,  are  much  more  delicate 
and  easier  of  extermination. 

The  ripe  eii'gs  of  tlie  stai-lish  are  minute  spherical  objects,  measuring  about  one- 
tenth  the  diameter  of  the  head  of  a  small  pin.  The^^  are  discharged  from  the  female 
through  minute  pores  near  the  base  of  each  arm,  into  the  water,  where  they  may 
become  fertilized  by  the  spermatozoa  discharged  from  the  male  in  a  similar  manner. 
Each  egg,  soon  after  it  is  fertilized,  begins  to  undergo  a  long  series  of  changes  in 
form.  During  the  first  stages  of  development  there  is  little  or  no  increase  in  size,  and 
the  egg  rests,  like  a  minute  grain  of  sand,  upon  the  bottom.  In  the  course  of  a  few 
hours,  however,  the  internal  changes  which  have  been  taking  place  express  them- 
•selves.  Vibratile  cilia  appear  in  certain  areas  on  the  surface  of  the  egg,  which  now 
begins  to  rotate,  and  soon  rises  from  the  bottom  as  a  free-swimming  larva.  Soon  after 
this  the  mouth  and  stomach  are  developed,  and  the  creature  takes  in  food  and  grows. 
The  growth  is  rapid,  and  during  the  next  three  weeks,  more  or  less,  the  larva  increases 
its  diameter  about  50  times.  Meanwhile  various  internal  organs  and  several  long 
arms,  and  other  external  features,  are  developed.  The  older  fry  are  called  brachiolaria, 
from  the  fact  that  they  have  so  many  long  arms.  One  of  these  brachiolaria  of  the 
largest  size  is  represented  in  tig.  3,  much  magnitied.  The  natural  size  is  shown  in 
tig.  4,  where  two  specimens  are  figured,  one  on  either  side  of  the  bit  of  eelgrass.  The 
aninuil  swims  bj'  means  of  the  motile  cilia,  which  are  arranged  in  bands,  represented 
by  the  heavy  lines  in  the  figure.  They  form  a  complicated  pattern  over  the  surface  of 
the  body,  and  extend  out  upon  the  arms.  The  body  is  quite  transparent,  and  the  tips 
of  the  arms,  which  are  shaded  in  the  figure,  are  light  red.  The  larva  represented  in 
fig.  3  is  old.  and  would  ])robably  have  set  within  12  hours.  Already  tlie  rudiment  of 
the  resulting  star-fish,  the  disk  shaped  body  at  the  bottom  of  the  figure,  can  be  seen 
within  the  brachiolarian.  The  five  crenate  lobes  on  the  margin  of  the  disk  are  the 
beginning  of  the  five  arms.     The  disk  itself  at  this  time  is  already  somewhat  opaque. 

When  the  larva  is  about  to  "set,"  it  attaches  itself  to  some  object,  like  a  spear  of 
eelgrass,  by  the  suckers,  shown  at  the  top  of  the  figure,  and  then  a  rapid  transforma- 
tion occurs.  The  whole  superstructure  above  the  disk  collapses  and  becomes  absorbed 
like  the  tail  of  a  tadpole.  In  a  few  hours  the  brachiolarian  has  disappeared,  and  a 
star- fish  proper  has  taken  its  place. 

Although  the  free-swimming  larvie  have  a  considerable  power  of  locomotion,  and 
can  swim  from  one  side  of  a  dish  to  the  other  in  a  few  minutes,  they  can  not,  of  course, 
make  headway  against  the  tidal  currents,  and  are  carried  hither  and  thither  with 
their  ebb  and  flow.  Other  extensive  movements  of  larvie  are  executed  in  response  to 
such  changing  conditions  as  those  of  light  and  temperature:  at  times  myriads  of 
them  are  swimming  at  the  surface,  and  in  12  hours  not  one  specimen  can  be  found. 
The  brachiolarian,  like  more  lowly  organized  forms  of  living  creatures,  although  it 
has  no  eyes,  is  exceedingly  sensitive  to  light,  sometimes  being  attracted  to  it,  and 
again  being  repelled  by  it.  According  to  my  experience,  they  were  found  at  the 
surface  in  greatest  abundance  on  cloudy  or  misty  days  and  nights,  and  were  much 
more  rare, or  absent  altogether,  on  bright,  clear  days  and  moonlight  nights.  On  June 
27,  for  instance,  I  skimmed  the  surface  with  the  tow  net  from  !>  until  11  o'clock,  and 
not  a  single  larval  star  wns  found,  although  there  were  millions  of  the  larva-  of  the 
annelid  worm  tSyllis,  and  other  organisms.  The  night  was  clear,  with  a  bright  moon, 
and  the  tide  was  rising.     The  next  morning,  June  28,  was  cloudy  with  some  rain,  and 
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large  numbers  of  the  larvse  were  taken  in  the  nets,  between  8.30  and  1(>  o'clock.  In 
"the  evening  of  this  day,  between  9  and  11  o'ch)ck,  they  were  even  more  abundant  than 
during-  the  day.  The  evening  was  calm  and  cloudy,  with  a  little  rain.  Afterwards  I 
met  with  the  same  experience  on  several  occasions. 

Another  question  in  respect  to  the  movements  of  the  free-swimming  larvfe  is  of 
practical  importance,  inasmuch  as  they  arc  thousands  of  times  more  numerous  than  the 
adult  stars.  To  what  distances  may  the  larvae  be  carried  by  the  tides  and  currents 
in  our  bay '?  I  can  not  answer  this  question  directly,  but  there  are  certain  facts  which 
have  an  important  bearing  upon  it. 

Although  the  purple  stars  {Asterias  rulfjaris)  are  common  in  the  lower  portion  of 
the  bay  in  the  vicinity  of  i^ewport  and  Seaconnet,  they  seem  to  be  totally  absent 
from  the  upper  parts,  although  theaduls,  at  least,  can  live  in  these  waters.  1  have 
kept  them  for  a  long  time  in  Kickemuit  River.  This  would  seem  to  indicate  that  the 
larva-  of  purple  stars  are  not  transported  by  the  tides  from  the  lower  to  the  upper 
portion  of  the  bay.  It  may  be,  of  course,  that  the  larvae,  unlike  the  adults,  can  not 
abide  in  the  upper  portion,  or  that  the  young  stars,  as  soon  as  they  can  crawl,  return 
to  the  southward  unnoticed;  this  seems  to  me,  however,  to  be  improbable. 

The  distribution  of  some  other  marine  animals  whose  habits  are  similar  to  those 
of  the  brachiolaria  is  of  interest  in  this  connection.  \t  Waquoit,  about  10  miles 
northeast  of  Woods  Hole,  on  the  Vineyard  Sound  side,  the  water  was  fairly  alive 
with  the  young  of  a  certain  species  of  jelly-fish,  which  could  be  obtained  from  this 
locality  in  immense  numbers  at  any  time  for  several  weeks  during  the  spring.  At 
Woods  Bole,  however,  tliese  specimens  were  comparative!}^  rare.  Again,  later  in  the 
summer,  at  ^lenemsha  Bight,  near  Gay  Head,  another  small  jelly-fish  was  found  in 
such  abundance  that  every  bucketful  of  water  contained  thousands  of  specimens,  yet 
they  were  exceedingly  rare,  if  present  at  all,  at  Woods  Hole. 

In  the  upper  part  of  Buzzards  Bay,  at  N^eys  Neck,  the  star- fish  probably  bred  in 
great  numbers,  judging  from  the  appearance  of  the  adults  earlier  in  the  spring,  yet 
the  larvi3e  were  rarely  caught  at  Woods  Hole. 

These  facts,  and  others  of  the  same  nature,  certainly  suggest  that  the  larval 
starfish  may  not  be  transported  to  great  distances. in  the  \my  by  the  tides. 

IX#  What  are  the  habits  of  the  young  star-Jiah?  It  is  2}ossihIe  that  the  young  star- 
fish,like  the  yo'ing  of  many  fish,  tend  to  gather  in  schools.  If. so,  the  young  might  be  Tcilled 
off  in  thonsands. 

The  data  with  reference  to  the  habits  of  the  young  stars  were  collected  at  Kick- 
emuit, where  it  was  possible  to  have  a  certain  area  along  the  shore  under  constant 
observation.  Up  to  the  very  time  when  the  larva^  are  ready  to  set  they  swim  freely 
in  the  water;  and  larvie,  cauglit  in  the  tow-net,  often  set  in  the  dish  of  water  before 
I  had  returned  to  the  houseboat,  i.  e.,  within  an  hour  of  the  time  they  were  caught. 
In  this  condition  they  attach  themselves  by  their  suckers  (see  fig.  3)  to  any  object 
they  happen  to  strike,  and  cling  to  it  with  great  tenacity  until  the  metamorphosis  is 
completed.  As  the  larviB  are  borne  along  by  the  currents,  the  eelgrass,  rockweed, 
and  especially  the  fiufty,  branching  seaweed,  naturally  catch  immense  numbers  of 
them.  I  think  it  would  not  be  an  exaggeration  to  say  that  on  a  single  handful  of 
seaweed  which  I  picked  up  about  the  1st  of  July  there  were  more  than  a  thousand 
young  stars.  For  the  next  three  weeks  they  remain  for  the  most  part  crawling  about 
over  this  vegetation,  gradually  working  down  among  the  roots  of  the  rockweed  and 
upon  the  large  stones  at  the  bottom.     They  grow  rapidly  during  this  time,  but  decrease 
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in  nuinbers,  for  they  are  bright  and  conspicuoas  objects  for  the  small  fishes;  yet  they 
are  exceeclingiy  numerous  for  a  long  time.  In  order  to  obtain  a  definite  expression  of 
their  abundance,  1  scoojied  up  a  large  handful  of  tlie  Hufty  seaweed,  which,  together 
with  the  water,  filled  about  two-thirds  of  a  paper  pail,  and  from  this  603  young  stars 
were  taken.  The  average  size  was  about  that  in  fig.  9.  A  cart  load  of  seaweed  taken 
out  at  this  time  would  have  destroyed  millions  of  star-fish. 

By  the  1st  of  August  the  fiulfy,  branching  seaweed,  which  bore  so  many  young 
stars,  was  nearly  all  dead,  and  though  the  stars  were  still  present  iu  great  numbers  upon 
the  eelgrass,  rockweed,  and  stones  covered  with  sea-moss,  they  were  also  frequently 
seen  crawling  along  the  muddy  bottom.  By  August  15  the  eelgrass  was  overgrown 
and  lodged  by  a  luxuriant  growth  of  Botrylus,  a  compound  ascidian,  which  appears 
as  dark  gelatinous  patches.  The  small  stars  were  still  numerous  upon  it,  but  were 
rather  thin  and  poor.  The  larger  and  better  nourished  stars  had  left  the  eelgrass  and 
were  searching  for  food  upon  the  stones  and  along  the  bottom. 

The  small  star-fishes,  such  as  live  upon  the  eelgrass,  are  remarkably  hardy  in 
some  respects.  They  will  live  for  weeks,  and  even  months,  in  a  small  dish,  without 
change  of  water  and  with  a  minimum  amount  of  food.  During  the  first  week  in  July 
I  carried  a  number  of  free-swimming  brachiolaria,  like  fig.  3,  to  Providence  for  further 
examination.  They  were  in  a  glass  1-quart  jar,  and,  after  one  or  two  were  taken  out, 
the  jar  was  closed  and  was  left  unopened  during  the  rest  of  the  summer.  In  a  few 
days  the  larvie  had  all  set,  and  when  I  examined  the  dish  again,  on  September  5,  it 
contained  still  a  few  live  stars,  which  were,  however,  very  small.  Upon  watching 
them  it  was  seen  that  the  more  enterprising  individuals  were  eating  their  companions, 
and  finally  only  one  remained.  This  one  lived  in  the  jar  for  weeks,  but,  unfortunately, 
I  am  not  able  to  record  the  exact  date  of  his  death. 

On  the  other  hand,  the  same  j^oung  star-fishes,  which  can  live  so  long  without 
food  or  change  of  water,  perish  quickly  if  left  out  of  the  w-ater,  especially  if  the  sun 
is  shining.  They  can  not  live,  therefore,  above  the  low  water  mark,  unless  sheltered 
by  a  dense  growth  of  vegetation.  Large  stars  can  endure  very  much  longer  exposure, 
since  their  bulk  prevents  their  drying  so  quickly.  On  July  16  I  made  a  special  search 
for  young  stars  on  the  sea-weed,  above  the  low-water  mark.  I  found  none,  yet  just 
below  low-water  mark  they  were  excessively  abundant.  At  the  same  tim^  it  was 
noticed  that  above  the  line  where  the  star-fish  were  abundant  there  was  a  thick  set  of 
1-year  old  oysters,  while  below  it  the  oysters  were  absent.  The.  oysters  set  some- 
what later  in  the  season  than  the  star-fish,  and  the  latter,  therefore,  are  ready  to  prey 
upon  the  yonng  oysters  as  soon  as  they  appear.  When,  in  addition  to  these  facts,  we 
take  into  account  the  extraordinary  voracity  of  the  young  star-fish,  their  immense 
numbers,  and  their  special  fondness  for  oysters,  we  are  led  to  conclude  that  one  reason 
why  a  considerable  set  of  oysters  is  so  rarely  obtained  below  low  water  is  that  they 
fall  prey  to  the  starfish.  The  oysters  which  set  above  high  water  are  comparatively 
safe,  for  when  the  tide  leaves  them  uncovered  they  can  endure  for  hours  the  direct 
heat  of  the  sun,  which  would  kill  the  young  star-fish  in  a  few  minutes. 

While  the  star-fish  are  living  upon  the  eelgrass  and  seaweed  they  are  supplied 
with  an  abundance  of  food  in  the  form  of  the  young  of  marine  worms,  snails,  and  other 
animals,  which,  like  the  stars  themselves,  swim  freely  in  the  sea  for  a  time,  and  then 
settle  down  upon  any  object  with  which  they  happen  to  come  in  contact.  Throughout 
July  the  water  at  Kickeniuit  was  teeming  with  minute  free-swimming  creatures,  and  in 
the  aquarium  the  growth  of  the  youngest  stars  could  be  greatly  accelerated  by  feeding 
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them  the  contents  of  the  tow-net.  During  the  last  four  clays  of  June  innumerable 
larvffi  of  a  marine  worm  {Syllis)  were  swarming  at  the  surface,  and  on  July  11  millions 
of  the  young-  of  one  of  the  sea-snails  [Littorina?)  were  caught  in  the  tow-nets. 

The  clam,  also,  is  one  of  those  unfortunate  animals  whose  larvjc  set  at  about  the 
same  time  as  the  star-fish,  and  in  the  same  places.  The  star-fish  before  they  are  3 
days  old  show  a  predilection  for  young  clams,  which  apparently  does  not  diminish  so 
long  as  any  clams  remain.  Fig.  2  was  drawn  from  life  last  summer  by  Dr.  J.  L.  Kellogg, 
and  represents  a  characteristic  scene  in  the  marine  tragedy. 

In  order  to  ascertain  how  fast  the  stars  of  the  average  size  found  upon  the 
eelgrass  would  devour  the  young  clams  of  average  size,  I  placed  one  such  star  in  a 
dish  with  50  clams  taken  at  random  from  the  margin  of  a  stone.  The  larger  clams 
weie  about  the  length  of  one  arm  of  the  star,  and  they  ranged  from  this  length  to 
1  or  2  mm.  The  experiment  was  begun  at  1.22  p.  m.  on  July  18;  at  5.40  p.  m.  2 
clams  had  been  devoured,  each  about  the  length  of  the  arm  of  the  star,  and  during 
the  evening  a  third  was  eaten.  At  8  o'clock  the  following  morning  5  had  been  eaten, 
at  9  o'clock  6,  and  at  0.05  the  seventh  clam  had  been  attacked.  I  was  absent  from 
the  laboratory  for  the  next  4  days,  and,  returning  on  the  22d,  found  at  G  j).  m.  29  empty 
shells  whose  contents  had  been  eaten  by  the  star,  which  had  grown  considerably  and 
was  eating  faster  than  formerly.  The  next  day  39  empty  shells  were  found,  and  on 
the  following  day  40  were  empty,  while  10  more  had  disappeared  altogether,  having 
doubtless  been  devoured,  shell  and  all,  some  time  during  the  week.  To  make  sure 
that  the  clams  were  killed  by  the  star  and  did  not  die  from  some  other  cause,  a  control 
dish  of  clams  was  kept,  in  which  all  the  specimens  lived.  In  six  days  a  single  star-fish 
devoured  over  50  elams.  Both  star-fish  and  clams  represented  the  average  size  at 
this  season.  I  regret  that  I  did  not  record  the  exact  dimensions  of  the  star  at  the 
beginning  of  the  experiment.  Fig.  11  shows  its  approximate  size  at  the  end  of  the 
experiment  on  July  25. 

When  we  recall  how  exceedingly  numerous  star-fish  are,  and  that  they  are  found 
in  the  same  localities  with  the  young  clams,  the  result  of  this  experiment  becomes 
still  more  significant.  At  this  rate  000  stars  from  one  netful  of  seaweed  could  devour 
30,000  clams  in  0  days.  The  star-fish  in  a  cartload  of  seaweed,  if  it  contained  200 
small  forkloads,  would  have  the  capacity  for  destroying  over  0,000,000  clams  in  a  week. 

From  the  foregoing  it  appears  that  the  star-fish  set  for  the  most  part  during  the 
last  few  days  in  June  and  the  first  week  in  July,  some  as  late  as  July  10,  They 
remain  upon  the  seaweed  in  immense  numbers  until  about  the  1st  of  August,  when 
many  of  them  are  found  upon  the  bottom.  By  August  15  the  greater  portion  of  the 
stars  have  left  the  seaweed  and  gone  to  the  bottom.  The  young  stars  do  very  great 
damage,  not  only  to  the  young  oysters,  but  also  to  the  young  clams. 

The  stars  could  be  destroyed  by  hundreds  of  thousands  in  July  by  collecting  and 
drying  a  few  cartloads  of  seaweed  taken  below  low-water  mark.  After  the  first 
week  or  two  of  July  the  collection  of  seaweed  would  do  no  injury  to  the  clams. 

X.   What  is  the  rate  of  f/roivth  up  to  sexual  maturity f 

The  observations  and  experiments  bearing  upon  this  question  were  made  at  the 
Kickemuit  Eivei',  and  these  methods  were  adopted: 

(a)  A  large  number  of  star-fish  were  kept  under  constant  observation  and  were 
surrounded  with  natural  conditions  as  far  as  possible. 

(6)  Frequent  observations  were  made  on  the  stars  in  their  natural  environment. 
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[c)  Individual  star-lisli  were  reared  under  various  conditions,  and  tlieir  growth 
recorded  from  time  to  time. 

{(1)  Star-tisli  which  were  regenerating  lost  parts  were  kept  under  various  condi- 
tions, to  dererniine  the  rate  of  growth  and  the  rate  of  regeneration. 

(rt  and  b)  On  June  20  a  bunch  of  seaweed,  on  which  were  hundreds  of  small  stars, 
was  placed  in  a  car  at  the  house-boat.  All  the  stars  were  very  small.  The  greater 
unmbi-r  were  about  the  size  of  that  in  tig.  5,  but  they  ranged  from  the  size  shown  in 
tig.  4,  just  setting  ou  the  eelgrass,  to  tliat  in  tig.  G. 

On  July  15  it  was  tbund  that  hundreds  of  stars  had  crawled  through^ the  wire 
netting  and  were  thickly  scattered  about  on  the  under  side  of  the  car.  Here  they 
had  found  an  abundance  of  small  barnacles,  which  to  all  appearances  they  very  much 
relished.  After  preserving  a  few  specimens,  to  comi»are  with  those  taken  from  the 
seaweed,  the  rest  of  the  stars  were  left  unmolested  upon  the  bottom  of  the  car.  The 
average  size  of  the  stars  ou  the  car  was  greater  than  the  average  of  the  larger  speci- 
mens on  the  seaweed.  This  was  doubtless  due  to  the  fact  that  the  former  were  better 
fed.  A  difference  in  shape  was  also  striking,  those  on  the  car  being  more  plump. 
Figs.  7,  8,  and  9  rei)resent  three  specimens  taken  from  the  seaweed  on  this  date,  and 
fig.  10  one  of  the  larger  specimens  (3  mm.  from  mouth  to  tip  of  arm)  from  the  car,  all 
natural  size.     The  measurements  which  follow  are  all  taken  from  mouth  to  tip  of  arm. 

On  July  18  the  stars  showed  a  very  appreciable  growth.  One  of  the  larger  speci- 
mens, measuring  5  mm.,  is  represented  natural  size  in  fig.  11. 

Ou  July  24  one  of  the  largest  measured  8  mm.,  aud  was  preserved  (see  fig.  12). 

On  July  26  one  could  see  an  appreciable  growth  since  the  24th,  aud  the  specimen 
shown  in  fig.  13  measures  9  mm.  In  11  days  (since  July  15),  therefore,  there  has  been 
an  increase  of  300  per  cent  in  the  length  of  the  arm,  which  is  equivalent  to  a  much 
larger  increase  in  bulk. 

*The  stars  were  taken  from  the  bottom  and  put  inside  the  car  ou  August  1  and 
were  fed  with  barnacles  and  small  mussels.  They  had  by  this  time  eaten  uearly  all 
the  barnacles  on  the  bottom  of  the  car  aud  were  doubtless  in  want  of  food. 

On  August  2  the  largest  specimen  measured  11  mm.,  and  is  represented  in  fig.  14. 
Those  on  the  bottom,  however,  which  had  left  the  eelgrass,  were  larger,  some  of  them 
approaching  the  size  of  those  ou  the  car. 

On  August  13  a  box  thickly  covered  with  barnacles  was  split  uj)  and  pieces  put 
into  the  car.  The  star-fish  always  preferred  the  under  side  of  the  boards,  and  the 
latter  were  therefore  j)laced  barnacle  side  down. 

The  stars  on  the  eelgrass  were  examined  on  August  15  and  the  larger  ones  aver- 
aged about  2i  mm.,  or  about  the  size  of  that  in  fig.  9. 

On  August  18  the  largest  measured  slightly  less  than  18  mm  (see  fig.  15).  This 
specimen  was  afterwards  kept  in  a  dish  without  food,  aud  will  be  referred  to  again. 

On  September  5  one  of  the  largest  specimens  was  26  mm.  in  length  of  arm  (fig.  16). 
Another  measured  27  mm.,  and  several  measured  25  mm.  or  more. 

On  September  26  the  largest  measured  35  mm.,  and  is  represented  in  fig.  17. 

On  October  12  the  largest  found  was  42  mm.  (fig.  18). 

On  October  25  one  specimen  measured  54  mm.,  or  about  2^  inches  (fig.  19) ;  this  was 
preserved.  The  next  largest  (51  mm.),  shown  in  fig.  19,  is  the  largest  star  reared  in 
captivity.  It  was  almost  exactly  4  months  old,  having  set  about  June  28.  The  sexual 
glands  were  more  highly  developed  than  usual,  even  for  larger  stars  at  this  season. 
From  this  date  to  November  11  there  was  no  growth,  but  apparently  a  slight  decrease. 
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The  following  gives  in  brief  the  measurements  of  some  of  tlie  largest  stars  found 
on  the  car  during  summer  and  fall.  The  asterisk  (*)  indicates  that  the  specimen  was 
not  returned  to  the  car,  so  that  a  smaller  specimen  was  recorded  on  the  next  date. 
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Milli- 
meters.! 

1 

Date. 
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Date. 

Milli- 
meters. 

Date. 

Milli-  j 
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Date. 

Milli- 
meters. 

45 

July   ]5 

3 

Sept.    5 

25 

Sept.  26 

34      i 

Oct. 

12 

38      1 

Oct.    25 

July  18 

5*' 

Sept.    5 

25 

Sept.  26 

.^3      1 

Oct. 

12 

36 

Oct.    25 

44 

July  24 

8*     i 

Sept.    5 

25 

Sept.  26 

33 

Oct. 

12 

35 

Nov.    5 

45 

July  20 

9 

Sept.    5 

24 

Sept.  26 

31 

Oct. 

12 

35 

Nov.     5 

44 

Auji.    2 

11 

Sept.    5 

24 

Sept.  26 

30 

Oct. 

25 

54* 

Nov.     5 

43 

Aug.  18 

18      ' 

Sept.    5 

24 

Sept.  26 

30 

Oct. 

25 

51 

Nov.     5 

43 

Sept.    5 

27 

Sept.    5 

23 

Oct.    12 

42 

Oct. 

25 

50 

Nov.     5 

43 

Sept.    5 

26 

Sept.  26 

35 

Oct.    12 

40 

Oct. 

25 

48 

Nov.     5 

42 

Sept.    5 

26 

Sept.  26 

35 

Oct.    12 

40 

Oct. 

25 

45 

Nov.     5 

40 

On  September  5  a  number  of  specimens  (19  in  all)  were  selected  and  placed  by 
themselves  in  another  car,  so  that  I  might  be  sure  to  measure  the  same  individuals  on 
succeeding  daysj  these  were  measured  on  six  occasions,  with  the  following  results: 


Specimen. 


Sept.  5. 


No.  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
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Sept.  26. 

1 
Oct.  12. 

35 

40 

31 

35 

30 

35 

29 

34 

29 

33 

28 

32 

28 

32 

28 

31 

27 

31 

26 

30 
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30 

20 

?,0 

25 

29 

25 

29         1 

24 

28        i 

23 

28        t 

21 

27 

21 

25        1 

21 

1 

Oct.  25. 


47 
40 
38 
38 
38 
37 
36 
36 
36 
30 
35 
35 
35 
35 
34 
32 
30 
30 
29 


46 

38 
38 
38 
38 
38 
38 
37 
37 
37 
37 
37 
34 
35 
33 
33 
32 
32 
31 


Nov.  11. 


41(?) 

41 

40 

39 

38 

38 

36 

36 

35 

35 

35 

35 

35 

35 

34 

34 

33 

31 

31 


It  will  be  noticed  that  among  these  specimens,  as  well  as  among  those  in  the 
original  car,  given  in  the  first  table,  there  is  rarely  any  evidence  of  growth  after 
October  25,  but  there  is  rather  a  slight  decrease  in  size.  On  each  occasion  the 
measurements  were  made  without  referring  to  those  of  the  preceding  date,  so  that  no 
personal  prejudice  might  enter  the  results.  For  the  most  part  the  figures  indicate  a 
fairly  uniform  rate  of  growth  among  the  different  stars.  In  interi)reting  these  figures 
there  is  one  factor  which  is  to  be  taken  into  consideration,  namely,  that  star-fish 
over  20  mm.  (sometimes  less)  are  able  to  contract  and  expand,  so  that  two  careful 
measurements,  taken  within  a  few  minutes  of  each  other,  may  vary  as  much  as  1 
or  2  mm.  The  measurements  in  the  last  three  columns,  therefore,  indicate  that  the 
star-fish  in  the  car  were  of  about  the  same  size  on  x^ovember  11  as  on  October  25. 
The  first  measurement  (41  mm.)  under  ]S'ovember  11  is  doubtless  an  error. 

It  may  be  inferred,  from  what  has  already  been  said,  that  at  any  time  during  the 
summer,  after  the  stars  are  all  set,  there  is  a  great  difference  in  size  among  them. 
To  illustrate  this  point,  I  arranged  on  August  18  a  series  of  S[)ecimeus  taken  from  the 
car  and  from  the  seaweed,  and  photographed  them  at  natural  size,  by  laying  them 
down  on  the  sensitive  pai)er  (with  a  thin  transparent  film  between),  and  then  exposing. 
The  variation  in  size  is  shown  in  fig.  20,  the  first  5  specimens  having  been  taken  from 
the  car,  and  the  last  5  from  the  seaweed.  This  variation  in  size  is  doubtless  due 
much  more  to  the  difference  in  amount  of  food  than  to  difference  in  age. 
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The  following  experiments  on  the  rate  of  growth  support  this  view: 

((')  Rate  of  (jrowth  of  individual  star- fishes  kept  under  various  conditions. — The 
largest  of  the  stars  in  the  car  on  August  18  (compare  fig.  15)  was  kept  in  a  di?h  with 
only  a  few  very  small  barnacles  for  food.  When  taken  from  the  car,  it  measured  18 
mm.;  slightly  more  when  fully  expanded.  On  September  25  it  measured  18  mm., 
showing  no  growth.  On  September  2(),  39  days  after  it  was  taken  from  the  car,  it 
measured  between  15  and  IG  mm.  In  the  absence  of  food,  therefore,  it  had  lived  and 
api)arently  was  in  perfect  health,  but  had  probably  diminished  somewhat  in  length, 
as  well  as  in  bulk.  (Some  allowance  must,  of  course,  be  made  for  the  contraction  and 
expansion,  as  mentioned  before.)  During  this  time  several  of  the  stars,  smaller  than 
this  one,  remained  in  the  car  and  grew  to  the  length  of  35  mm.     (Fig.  17.) 

A  small  star  fish  which  was  caught  in  the  tow,  and  which  set  on  June  28,  Avas 
kept  in  the  dish  with  many  others  until  June  23.  On  this  date  it  was  placed  in  a  small 
dish  by  itself  and  fed  with  small  clams  and  barnacles.  Fig.  23  shows  the  growth  of 
this  specimen :  a,  2  mm.,  July  23;  />,  4  mm.,  August  13;  c,  4i  mm.,  August  18;  rf,  5  mm., 
September  0.  On  September  6  it  was  transferred  to  a  car  where  there  was  an  abund- 
ance of  small  barnacles.  Fig.  23,  e  (12  mm.),  represents  size  on  September  2G;  /",  21  mm., 
on  October  12;  g,  30  mm.,  on  November  5. 

As  a  control  of  this  experiment,  several  star-fish,  which  also  set  on  June  28,  were 
kept  with  a  minimum  amount  of  food.  One  of  these,  photographed  at  natural  size  on 
September  G,  is  shown  in  fig.  2L  a,  while  the  largest  star  in  the  car  (with  j^lenty  of 
food)  is  represented  in  fig.  21  b  (27  mm.).  The  specimen  figured  in  a  is  39  days  old, 
and  that  in  b  is  within  a  day  or  two  of  that  age. 

The  next  experiment  (illustrated  by  fig.  22)  on  the  growth  of  stars  was  as  follows: 

On  xVugust  3  two  stars  of  average  size  were  taken  from  the  original  car  and  placed 
in  another  car  with  a  bunch  of  mussels. 

On  August  3  (No.  1)  =  7  mm.,  fig.  a.     On  August  IG  (No.  2)  =  lOi  mm.,  fig.  a'. 

During  this  time  the  stars  had  little  or  no  food,  since  they  could  not,  or  would 
not,  eat  the  mussels.  On  August  15  a  lot  of  barnacles  was  placed  in  this  car,  and  by 
September  5  the  results  of  the  new  food  were  evident  enough: 

September  5:  (No.  1)  =  15  mm.,  fig.  c  (one  arm  was  torn  off  in  measuring).  (No. 
2)  =  19  mm.,  fig.  c'. 

September  26:  (No.  1)  =  28  mm.,  fig.  d  (new  arm  10  mm.  measured  from  mouth, 
growth  of  7  mm.).     (No.  2)  =  29  mm.,  fig.  d'. 

October  12:  (No.  1)  =  3G  mm.,  fig.  e  (regenerating  arm,  20  mm.,  from  mouth, 
growth  of  17  mm.).     (No.  2)  =  41  mm.,  fig.  e'. 

From  August  3  to  August  IG,  while  these  specimens  were  not  growing  at  all, 
those  in  the  car  grew  about  G  mm.  These  two  specimens  afterwards,  however,  having 
more  food  and  no  interference  in  eating  it,  made  up  this  difference,  and  by  September 
2G  had  grown  as  much  as  those  in  the  original  car. 

One  interesting  point  brought  out  by  the  experiment  is  that  a  star  which  is 
regenerating  an  arm  may  grow  as  fast  as  a  complete  star.    Compare  next  experiment. 

(rf)  Rate  of  (jrowth  and  rate  of  regeneration. — The  star-fish, like  the  lobster  and  many 
crabs,has  the  habit  of  dropping  off"  an  arm  which  has  been  mutilated  and  regenerating 
a  new  one.  Unless  the  arm  is  mutilated  or  some  other  shock  administered,  one  may 
sometimes  tear  a  star  in  two  by  pulling  on  the  arms,  while  the  latter  still  remain  on 
the  fragments  of  the  disk.  On  the  other  hand,  if  the  suckers  are  cut  off  from  one  arm, 
or  the  arm  is  ciiished  or  cut  several  times,  it  will  usually  drop  off",  always  at  the  same 
point  near  the  disk,  taking  the  sexual  glands  with  it. 
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On  September  26  live  of  the  larger  stars  in  the  original  car  were  deprived 
of  the  arm  opposite  the  "  eye,"  or  madreporic  plate,  and  then  placed  in  a  car  with 
barnacles  for  food.  The  subsequent  measurements  show  that  they  kept  on  eating 
and  growing  at  about  the  usual  rate,  like  the  specimen  similarly  treated  in  the  last 
experiment  described.  The  measurements  are  given  in  tabulated  form  below,  the  first 
measurement  indicating  the  length  of  the  longest  arm. 


Sept.  26. 

Oct.  12. 

1 

Oct.  25. 

Nov.  5. 

Nov.  21. 

Specimens. 

Longest 
aruj. 

New 
growth. 

Longest 
arm. 

New 
growth. 

Longest 
arm. 

Kew 
growth. 

Longest 
arm. 

New 
growth. 

Longest 
arm. 

New 
growth. 

A 

32 
30 
28 
27 
25 

0 
0 
0 
0 
0 

36 
35 
30 
29 
28 

3 
3 
3 
3 
3 

42 
38 
35 
30 

7 
7 
7 
6 

41 
41 
38 
35 
34 

11 
12 
10 
9 

7 

40 
40 
38 
38 
35 

12 
11 
12 
11 
9 

1{ 

C 

D 

E ;;. 

A  comparison  of  the  table  with  that  on  page  217  shows  that  these  stars  which  are 
regenerating  an  arm  grew  at  about  the  same  rate  as  the  complete  stars  during  the 
same  period.  The  rate  of  regeneration  was  also  about  the  same  as  the  rate  of  grow  th 
in  the  original  arms,  except  that  toward  the  last  the  new  members  grew  in  some  cases 
somewhat  more  rapidly. 

Another  experiment  was  made  similar  to  the  above,  except  that  two  arms  were 
taken  off  instead  of  only  one,  and  the  stars  were  younger  at  the  beginning.  The  stars 
were  at  first  all  about  12  mm.  The  eight  detached  arms  were  put  in  the  car  also,  and 
on  Se])tember  10, 26  days  after  they  were  detached,  five  were  still  alive  and  api)arently 
in  good  health,  but  had  neither  grown  nor  shown  any  sign  of  regeneration.  One  is 
figured  natural  size  in  fig.  24  b. 

The  growth  of  these  specimens  is  tabulated  below.  (Measurements  were  made 
from  mouth  to  tip  of  new  arm,  but  figures  in  table  indicate  merely  new  growth,  and 
are  derived  by  subtracting  3  mm.  from  original  figures.) 


Aug.  15. 

Sept. 

5. 

Sept.  26. 

Oct.  12. 

Oct.  26. 

Nov.  5. 

g 

a 

p; 

^ 

p- 

y 

03 

y 

^ 

H 

^ 

1 

C3 

a 

ei 

Specimen. 

C8 

g 

o 

« 

a 

o 

.a 

1 

§ 

o 

.a 

a 

eS 

s- 

s 

^ 

C3 

(S 

S 

.a 

a 

-*a 

1 

T3 

00 

.s 

t3 

an 

.a 

oc 

■*J 

-s 

"S 

« 

.a 

•a 

■s 

1 

Ml 

a 

o 

fcc 

4^ 

a 
§ 

a 

o 

♦i 
C 

a 

o 

(D 

M; 

a 

o 

£ 

p 
o 
o 

.§ 

8 

1 

£ 

o 
% 

1 

i-5 

^A        fR 

M 

1-5 

18 
17 
»9 
14 

17 
17 
S9 
12 

'A 

42 
36 
37 
32 

N 

32 
26 
16 
22 

30 
26 
15 
20 

;zi 

t-1 

!i( 

w 

;< 

t-1 

1^ 

m 

% 

1 

•12  (?) 
12  (?) 
12  (?) 
12  (?) 

22  j.... 
20    .... 
18 

8 
7 
5 
5 

34 
30 
25 
23 

b 

43 
40 
34 

31 
24 

27 

31 

24 
27 

20 

d 

18 

.... 

13 

35 

23 

23 

17 

'  It  w;is  inteiidetl  at  first  to  keep  account  only  of  rate  of  resieneration,  and  so  four  stars  were  picked  out,  of 
about  tlie  saiue  size,  and  one  only  was  measured.  This  was  12  mm.  The  others  may  have  been  1  or  2  mm.  larger 
or  smaller.  The  growth  of  this  specimen  and  the  size  of  the  single  arm  alone,  on  September  26,  are  given  in 
diagram,  fig.  24.  a  miil  h  respectively. 

■^  One  detached  arm.  still  alive,  measures  7  mm. 

'  Tips  cut  ott'  and  amis  slit  on  September  15.  The  longest  arm  was  then  22  mm.,  and  the  regenerating  arms 
\^  and  10  mm.,  respectively. 

■*  Arm  broken  ot}',  probably  by  handling,  on  September  5. 

This  experiment  shows  conclusively  that  when  even  two  arms  are  lost  the  growth 
of  the  star-fish  is  not  necessarily  arrested  or  the  rate  of  growth  diminished.  The  rate 
of  growth  in  the  new  arms  was  greater  than  in  the  original  arms,  and  there  was  a 
tendency,  therefore,  for  all  to  become  ultimately  of  the  same  length. 
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The  results  sbow  clearly  that  within  very  broad  limits  it  is  impossible  to  tell  the 
age  of  a  star-tish  from  its  size.  Starfishes  of  all  ages  are  able  to  live  for  months  with 
very  little  or  no  food.  The  rate  of  growth  depends  directly  upon  the  amount  of  food 
eaten.  Star-fishes  which  are  regenerating  one,  or  even  two,  arms  may,  under  ordinary 
circnmstances,  grow  as  rapidly  as  the  complete  stars.  The  growth  of  the  new  arms 
in  the  star  fish  experimented  upon  was  slightl}^  more  rapid  tlian  that  of  the  original 
arms,  showing  a  tendency  in  the  organism  to  return  to  the  original  length  In  four 
months  from  time  of  setting,  some  of  the  larger  stars  kept  in  the  cars  under  favorable 
circumstances  attained  a  length  of  from  50  to  r)4  mm.,  or  2  to  2J  inches,  measured 
from  mouth  to  tip  of  arm.  This  is  more  than  twice  the  length  of  many  of  the  stars 
which  were  found  Just  before  the  beginning  of  the  breeding  season,  and  which  were 
therefore  at  least  nearly  a  year  old. 

Allowing  a  moderate  amount  of  growth  during  the  winter  and  spring  months,  of 
10  to  15  mm.  (the  amount  of  increase  attained  in  one  full  month  preceding  October  12), 
the  larger  year-old  star  fish  in  the  early  summer  would  be  about  65  ram.,  or  2.]  inches, 
in  length,  which  is  abont  the  length  of  the  greater  number  of  stars  taken  on  the  mops 
in  the  Kickemuit  Kivcr  during  tlie  summer. 

XI.    What  is  the  size  an<J  atje  at  sexual  maturity? 

Among  the  star  fish  caught  in  various  parts  of  the  bay  on  June  2,  3,  and  4,  several 
specimens  only  I4  inches,  or  32  mm.,  were  found  to  be  very  full  of  sexual  products. 
This  size  was  attained  by  many  of  the  star-fish  reared  in  the  car  on  September  2G, 
about  three  months  from  the  time  of  setting.  See  table  on  page  217.*  Great  numbers 
of  stars  measuring  about  2  inches,  or  50  mm.,  were  found  ripe  the  first  week  of  June. 
This  was  the  size  of  several  specimens  in  the  car  on  October  25,  which  were  not  more 
than  four  months  old,  and  whose  sexual  glands  were  well  developed.  In  other  words, 
a  large  number  of  the  star-fish  reared  in  the  car  were  by  the  end  of  October  as  large  as 
a  great  many  which  were  sexually  mature  in  June.  Moreover,  it  was  rare  to  find  a 
specimen  of  this  size  on  the  1st  of  June  which  was  not  full  of  ripe  eggs,  which  were 
laid  later,  as  the  empty  stnr-fish  caught  in  July  showed.  It  is  an  obvious  conclusion, 
therefore,  that,  with  fairly  good  oi^portunities  to  obtain  food,  the  star  fish  becomes 
sexually  mature  iu  less  than  a  year,  and  that  those  hatched  one  season  breed  the  next. 

In  his  monograph  on  Xortli  Ameri(!an  star-fishes,  Alexander  Agassiz  gives  his 
views  with  reference  to  their  rate  of  growth  in  the  following  words  (the  figures 
referred  to  represent  specimens,  all  of  them  smaller  than  that  in  our  fig.  9,  of  a  star 
about  2  weeks  old  raised  in  the  car) : 

The  young  star-fisbes  figured  on  this  plate  (pi.  viii)  were  all  found  attached  to  ioot«of  Laniiuaria, 
thrown  up  on  the  lieaches,  in  the  ueighboihond,  at'tcr  a  storm;  and  from  their  dift'erent  stages  of 
growth,  as  compared  with  the  oldest  star-tish  raised  from  a  Brachiolaria  (pi.  vi,  fig.  11),  specimens  of 
which  were  also  found  upon  these  roots,  it  is  probable  that  the  sizes  here  figured  are  1  (fig.  1),  2 
(fig.  8),  and  3  (fig.  10)  years  old.  A  considerable  number  of  specimens  were  i)ickcd  up  in  this  way, 
and  they  could  all  be  arranged  into  very  distinct  groups,  representing  the  star-fishes  of  the  present 
and  of  two  previous  seasons.  There  seemed  to  be  no  gradation  from  one  group  to  another,  such 
as  we  have  among  the  young  sea-urchins,  which,  in  consequence  of  their  manner  of  breeding  during 
the  whole  year,  form  series  the  relations  of  which  it  is  im]iossible  to  determine.  In  this  connection 
1  would  say  that  by  arranging  the  star-fishes  found  upon  our  rocks  into  series  according  to  tlieir 
size  we  are  able  to  obtain  a  rough  estimate  of  tlie  number  of  years  retiuired  by  them  to  attain  their 
full  development;  this  I  ])resume  to  be  somewhere  about  fourteen  years. t     They  begin   to   spawn 


*  Eggs  from  a  specimen  of  38  mm.  were  readily  fertilized  with  spermatozoa  from  amale  of  same  size, 
t  For  an  account  of  the  method  adopted  by  TrofVissor  Agassiz  for  ascertaining  the  age  of  many 
of  our  marine  animals,  see  Proceed.  Essex  Inst.,  1863,  p.  252. 
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before  that  time,  as  specimeus  have  been  successfully  fecundated  which  evidently  were  not  more  than 
six  or  seven  years  old.  It  is  during  the  fourth  year  that  the  rate  of  growth  seems  to  be  most  rapid. 
A  young  star-fish,  measuring  IK  inches  across  the  arms,  was  kept  during  five  nu)iith8  alive  in  Mr. 
Glen's  tank  at  the  mngcuni,  and  during  that  space  of  time  it  grew  to  3  inches. 

It  will  readily  be  seen  that  my  observations  do  uot  agree  with  those  of  Agassiz. 
T  fouud  uo  difficulty  in  obtaiuiug  all  possible  gradations  iu  size  among  the  stars  in  the 
late  summer,  and  those  represented  by  Agassiz  as  1,  2,  and  3  years  old.  respectively, 
more  nearly  ('orres])ond  with  those  raised  in  cars  when  they  were  1,  l',  and  3  weeks  old. 

XII.  What  are  the  natural  enemies  of  the  star-Jish:^ 

The  destructive  agents  and  natural  enemies  referred  to  in  the  last  report  were 
cold  and  fresh  water,  various  fishes  which  feed  upon  the  larv.e,  gulls  and  crows,  and 
parasites.  Some  specimens  which  were  attacked  by  the  parasite  frequently  found  in 
the  fall  of  1897  were  kept  over  winter,  and  by  spring  the  disease  had  disapjieared; 
but  the  effects  of  the  disease  were  sometimes  visible.  In  one  case  an  arm  was  entirely 
eaten  through,  about  J  ii^^di  from  the  tip,  but  was  uot  thmwu  oflt'.  The  stump  healed 
over,  and  the  star  was  kept  throughout  the  year.  It  showed  almost  no  trace  of 
regeneration,  i>robably  because  food  was  rarely  taken  by  the  specimen. 

The  enemy  which  is  doubtless  the  most  destructive  to  the  starfish  is  the  men- 
haden. In  an  article  on  the  ''Food  of  the  menhaden,"  published  in  the  United  States 
Fish  Commission  Bulletin  for  1893,  Dr.  James  I.  Peck  showed  that  this  fish  feeds 
exclusively  upon  the  minute  organisms  which  swim  or  float  free  in  the  water.  The 
open  mouth  of  the  menhaden  has  an  area  of  about  a  square  inch,  and  as  the  fish  swims 
through  the  water  with  open  mouth  and  gill  covers  raised,  a  considerable  column  of 
water  is  passed  through  the  mouth  every  minute  (estimated  by  Dr.  Peck  at  about  7 
gallons).  The  gillrakers  strain  the  water,  and  the  organisms  which  are  not  too  minute 
are  caught  in  the  mouth  and  swallowed.  The  star  fish  larva*,  of  even  small  sizes,  are 
far  too  large  to  pass  through  the  gillrakers.  Numerous  schools  of  menhaden  feed  in 
our  bay  during  the  season  when  the  star-fish  larvae  are  swimming  at  the  surface,  and 
undoubtedly  destroy  them  by  thousands  of  millions. 

After  the  stars  are  set  they  are  no  longer  in  danger  of  being  destroyed  by  the 
menhaden,  but  for  several  weeks  are  bright  conspicuous  objects  upon  the  seaweed 
and  eelgrass  for  eels  and  many  small  fishes  to  feed  upon. 

XIV.  Is  the  popular  idea  that  the  dismembered  fragments  of  a  star-Jish  will  regen- 
erate new  star-Jish  founded  on  fact? 

This  idea  is  commonly  held,  and  is  apparently  founded  on  the  fact  that  in  nearly- 
every  lot  of  stars  brought  up  iu  the  dredges  or  on  the  mops  a  considerable  number 
may  be  found  which  are  regenerating  lost  parts.  Frequently  two,  three,  or  even  four 
arms  are  being  regenerated,  and  these  are  much  smaller  than  the  original  arms. 
Upon  careful  examination  and  inquiry  into  the  extent  of  this  regeneration  I  have 
never  found  a  well-authenticated  case  among  our  species  of  stars  in  which  part  of  the 
disk  was  being  regenerated,  except  those  reared  with  great  care  in  the  aqaarium. 
With  this  point  iu  view  1  have  examined  a  large  nun\ber  of  regenerating  stars  caught 
in  their  uatural  haunts,  souie  of  them  reported  to  be  regenerating  part  of  the  disk,  but 
invariably  the  regeneration  was  limited  to  the  arm.  I  have,  however,  made  a  few 
experiments  in  the  aquarium  and  in  the  cars  which  have  a  bearing  upon  this  question. 

The  fact  that  a  mutilated  arm  is  frequently  loosened  and  dropped  off  at  a  par- 
ticular point  near  the  base  and  the  rate  of  regeneration  of  specimens  which  have  thus 
lost  one  or  two  arms  are  re<-ordetl  previously  (p.  219). 
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All  of  the  arms  may  be  pulled  oft"  and  if  the  star  is  protected  and  fed  all  will 
rejienerate.  Such  a  specimen  is  sketched  in  tig.  2.").  This  specimen  was  kept  after  the 
operation  in  a  glass  dish  with  frecjuent  changes  of  water,  and  was  fed  upon  the  soft 
parts  of  crabs,  etc.  The  regeneration  was  slow  as  compared  with  that  given  iu  the 
previous  tables,  the  new  growth  shown  in  the  figure  (which  is  natural  size)  requiring 
five  or  six  weeks,  probably  owing  to  the  comi)aratively  small  amount  of  food  taken. 

Since  a  mutilated  arm  drops  oti' from  tlie  disk  so  readily,  the  latter  nearly  always 
remains  intact,  and  in  ordinary  cases,  therefore,  if  two  stars  were  to  result  from  one, 
one  of  them  must  regenerate  from  a  single  arm.  I  have  several  times  kept  single 
arms  for  a  long  time  in  the  aquarium  or  cars,  but  have  never  seen  any  trace  of 
regeneration  in  them.  On  May  11  several  arms  were  taken  oft'  at  the  usual  line  of 
detachment,  and  kept  alive  in  the  aquarium  until  June  9,  when  they  showed  no  sign 
of  regeneration.  One  of  these  was  still  alive  on  June  25,  and  at  that  time  was 
apparently  enjoying  good  health,  and  would  turn  over  if  put  on  its  back.  It  had 
lived,  therefore,  for  over  six  weeks,  but  showed  no  signs  of  regeneration. 

Another  experiment  was  started  on  August  15;  two  arms  were  taken  off  from 
each  of  four  specimens.  The  rate  of  regeneration  of  these  specimens  is  given  in  the 
tables  on  p.  219.  On  September  10,  nearly  three  weeks  afterwards,  five  of  the  single 
arms  were  found  alive,  but  showed  no  regeneration.  On  September  5  the  new  growth 
in  the  arms  regenerating  from  the  disk  was  from  8  to  5  mm.  On  September  26,  six 
weeks  after  the  operation,  one  of  the  single  arms  was  found  alive  (7  mm.)  It  had 
not  shown  any  traces  of  regenerating  a  new  arm,  although  it  had  healed.  This  arm 
is  represented  natural  size  in  tig.  24,  h,  and  the  new  growth  which  took  place  on  one 
of  the  stars  from  which  these  arms  were  detached  is  shown  in  fig.  24,  a.  Similar 
experiments  were  tried  last  year  with  the  same  result.  In  a  recent  article  by  Miss 
Helen  Dean  King,  iu  Eoux's  Archiv,  it  is  stated  that  single  arms  were  kept  alive  for 
two  weeks,  but  never  showed  signs  of  regeneration.* 

Several  experiments  were  carried  on  to  determine  what  regeneration  would  take 
place  if  the  disk  were  cut  through.  On  the  11th  of  May  19  specimens  about  2i  inches 
in  length  were  treated  in  the  following  manner:  Two  arms  were  pulled  off,  and  at  the 
base  of  one  of  the  arms  a  piece  was  cut  out  from  the  top  of  the  disk  in  the  manner 
shown  in  tig.  20,  These  specimens  were  placed  in  a  large  car  at  Woods  Hole  without 
food  (except  what  could  be  carried  in  the  water).  On  June  9  there  was  a  trace  of 
regeneration  in  some  of  the  arms.  On  June  25,  a  little  more  than  six  weeks  after  the 
operation,  all  the  arms  were  growing  out  anew,  and  varied  from  a  mere  trace  of  a  new 
arm  with  the  terminal  ej-e-spot  (which  always  shows  tirst)  to  arms  ^  inch  (about  7 
mm.j  long.  This  experiment  shows  two  things:  that  the  new  arm  will  regenerate  if 
a  portion  of  the  disk  is  absent,  and  that  the  rate  of  regeneration,  like  the  rate  of 
growth,  in  normal  specimens,  is  dei)endent  upon  the  nourishment,  for  while  the  new 
growth  in  these  cars  was  only  7  mm.  in  six  weeks,  those  which  were  well  fed  at  Kick- 
emuit  gained  a  new  growth  of  from  13  to  18  mm.  in  the  same  time.     See  page  217. 

Other  experiments  were  tried,  to  determine  what  regeneration  would  take  place 
if  the  whole  star-tish  were  cut  throu_^h  iu  various  ways,  while  the  arms  were  left  in 
place.     It  will  be  seen  that  the  results  were  not  always  the  same. 

In  the  summer  of  1897  several  stars  about  2i  inches  in  length  were  cut  through 
so  as  to  leave  three  arms  and  part  of  the  disk  on  one  piece  and  two  arms  and  part 


*  During  the  summer  of  1899  several  single  arms  were  kept  alive  from  early  iu  May  until  the 
middle  of  August,  wbeu  they  were  destroyed  by  accideut.     There  was  no  regeneration. 
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of  the  disk  on  the  other.  The  smaller  pieces  perished,  but  the  larger  ones  lived  for 
several  weeks  and  showed  no  sign  of  regeneration.  All  but  one  were  destroyed  by  other 
star-fishes  which  got  into  their  compartment  of  the  car  by  accident.  The  ren)aining 
fragment,  consisting  of  three  arms  and  part  of  the  disk,  lived  several  months  after 
the  operation  and  did  not  regenerate. 

On  May  11,  1898,  several  stars  about  an  inch  long  were  cut  as  in  fig.  27.  One 
arm  was  pulled  off  and  the  disk  then  cut  in  two,  leaving  two  arms  with  a  part  of  disk 
and  madreporic  plate  on  one  piece  (=  a),  and  two  arms  and  part  of  disk  on  the  other 
piece  (=  h).  The  fate  of  the  single  arm  has  been  already  considered  (page  2'J2).  On 
June  9  all  the  pieces  were  alive.  In  the  piece  marked  a  (i.  e.,  having  madreporic 
plate)  a  trace  of  a  new  arm  was  visible  on  the  side  toward  the  lost  arm,  but  in  no 
other  place.    The  pieces  marked  h  showed  no  regeneration  at  all. 

On  June  25,  6.|  weeks  after  the  operation,  the  condition  was  as  follows:  All  these 
I)arts  of  specimen  1  were  alive.  The  fate  of  the  single  arm  has  been  mentioned 
previousl3\  The  piece  (a)  with  madreporic  plate  is  sketched  from  the  lower  side  in 
fig.  28.  Two  arms  were  well  started  and  one  minute  arm  was  growing  out  between 
them.  In  the  other  piece  (b)  of  this  specimen,  the  wound  was  completely  healed,  but 
there  was  no  visible  trace  of  any  new  arms.  Of  specimen  2,  only  one  piece  {a)  was 
alive.  From  the  stump  of  the  old  arm  a  Tery  small  new  arm  appeared — no  trace  of 
any  other.  The  two  pieces  a  and  b  of  specimen  3  were  alive  and  healthy.  In  a  two 
very  small  arms  were  visible  (one  could  be  seen  oidy  with  the  help  of  a  hand  lens) 
near  together,  and  on  one  side  of  the  cut  surface;  on  the  other  side  there  was  a  trace 
of  another  arm,  indicated  by  an  eye-spot,  b  had  healed  up,  but  showed  no  trace  of 
regenerating  arms.  Of  the  fourth  specimen,  piece  a  was  alive  with  two  very  minute 
regenerating  arms.  These  specimens  had  very  little  food,  and  it  is  hardly  necessary  to 
remark  that  they  grew  very  little  or  not  at  all. 

On  September  5,  1898,  another  experiment,  similar  to  the  last,  was  commenced 
at  Kickemuit  Eiver.  Eight  specimens  were  taken  from  those  reared  in  the  car  and  cut 
in  two  in  the  manner  shown  in  fig.  29,  leaving  two  arms  and  the  madreporic  plate  on 
one  piece  and  three  arms  and  part  of  the  i)late  on  the  other.  The  pieces  of  the  kitter 
sort  died  in  a  short  time,  and  the  following  data  refer  to  the  pieces  having  two  arms 
and  the  plate  (•■'  eye").  At  the  beginning  of  the  experiment  the  specimens  measured 
in  millimeters,  23,  21,  21, 20, 19, 18, 18, 18. 


September  26,  3  weeks  aftei-  the  operation: 

A,  22  mm.,  bore  trnce  of  two  new  arms. 

B,  18  mm.,  two  new  arms  (preserved)  iiuhealthy. 

C,  18  mm.,  one  new  arm,  2  mm. 

D,  crusbeil. 

E,  20  mm.,  healthy;  no  trace  nf  another  arm. 

F,  overlooked.     See  next,  Oct.  12. 
October  12 : 

A  ( ?),  23  mm.,  two  very  small  arms. 

C,  20  mm.,  two  arms,  one  smaller  than  the  other. 

E  ( ?),  22  mm.,  no  trace  of  regeneration. 

F,  21  mm.,  one  arm. 

(all  healthy.) 


October  25: 

C,  20  (?) ,  two  arms  8  to  10  mm. ;  no  trace  of  other. 

E,  22,  no  trace  of  regeneration. 

C  21 

F,  ]  9Q  ( ?),  one  arm,  6  mm. ;  no  trace  of  another. 

November  5 : 

A,  25  mm.,  two  new  arms,  2  mm.  each. 

C,  21  mm.,  two  new  arms,  9  to  lOmin. ;  notrace  of  other. 

E,  22  mm.,  one  new  arm  directly  in  middle,  1  mm.  long. 

F,  19  ( ?),  one  arm.  4i  mm. ;  no  trace  of  rest. 
November  11  (fig.  30): 

A,  23  mm.,  two  small  arms,  about  3  mm. 
C.  21  mm.,  two  small  arms,  10  and  12. 

E,  21  mm.,  one  arm,  U  mm.,  directly  in  middle. 

F,  20  mm.,  one  arm,  6  mm. 

(no  trace  of  other  arms  in  any.) 


Similar  experiments  upon  young  stars  about  the  first  of  August  yielded  essentially 
the  same  results,  except  that  out  of  seven  pieces  which  lived  until  September  5  four 
were  without  madreporic  plate  and  three  of  these  were  regenerating  new  arms.  Miss 
King,  whose  recent  article  has  been  already  referied  to,  seems  to  have  had  better  suc- 
cess than  I,  and  says  that  from  each  of  the  pieces  of  a  star  cut  in  two  a  new  star  may 
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be  formed  by  regeneration.  That  the  niadreporic  plate  is  not  essential  to  the  life  of 
the  star,  at  least  for  a  very  long  time,  is  shown  by  another  experiment:  This  organ 
was  removed  from  tive  large  stars  on  Jnne  14,  and  on  November  o  one  of  them  was 
alive  and  healthy,  but  had  not  regenei  ated  the  lost  structure.  The  niadreporic  plate 
was  wanting  in  a  specimen  caught  at  Woods  Hole  on  April  4.  Another  was  taken 
which  had  an  accessory  madre])oric  plate,  which  was  not.  however,  connected  with  the 
stone  canal.  In  the  last  rei)ort  I  mentioned  an  experiment  in  which  this  body  was 
extirpated  and  regenerated  before  the  end  of  the  season. 

In  every  known  case  of  regenerating  star-fish  caught  on  the  mops  and  dredges 
the  new  growth  is  limited  to  the  arms.  The  arms  are  readily  loosened  and  cast  off 
when  injured,  but  almost  certainly  do  not  produce  new  stars,  as  is  shown  by  the 
experiment  in  which  single  arms  have  been  kept  three  mouths  without  trace  of 
regenerating,  and  by  the  fact  that  single  arms  regenerating  the  rest  of  the  stars  have 
never  been  found  among  this  speciesof  star  (they  are  common  in  some  foreign  species). 
Star  fish  which  have  been  cut  in  two  behave  differently  in  diflerent  cases.  They  may 
live  for  a  long  time  without  regenerating  the  remaining  arms  to  the  sh'ghtest  degree; 
they  may  show  no  sign  of  regeneration  for  several  weeks  and  then  regenerate  one  or 
more  arms;  they  may  soon  regenerate  only  one  or  two  of  the  arms  when  three  are 
recpiired  to  complete  the  original  form  of  the  body.  The  rate  of  regeneration  and 
perhaps  the  possibility  of  regeneration  are,  like  the  rate  of  growth,  dependent  on  the 
food  supply.  It  is  probably  possible  for  two  or  more  complete  stars  to  result  from  one, 
but  in  many  exjieriments  in  which  the  stars  were  carefully  protected  this  result  has  not 
been  obtained  by  me.  The  probability  of  this  result  occurring  when  stars  are  torn 
apart  and  tlirown  overboard  is  doubtless  very  slight,  for,  as  the  experiments  show,  such 
stars  have  difficulty  in  obtaining  food  and  are  especially  liable  to  injury  and  to  destruc 
tion  by  other  stars  or  enemies  of  various  kinds. 

XV.  What  are  the  artificial  methods  of  destruction  now  in  use  in  Rhode  Island  or 
elsewhere  f 

Star-fishes  are  caught  in  considerable  numbers  with  the  spear  and  tongs,  but  the 
more  efficient  method  is  the  use  of  the  "  tangle"  or  "  mop."  The  tangle  consists  of  a 
number  of  mops  of  cotton  waste  or  similar  material  attached  to  an  iron  bar.  By 
dragging  these  mops  over  the  oyster-beds  the  stars  become  entangled  and  are  drawn 
up  with  the  mops.  The  mops  are  usually  detached  from  the  iron  bar  and  are  thrown, 
together  with  the  stars,  into  a  tub  of  hot  water.  Meanwhile  other  mops  are  attached 
to  the  bar  and  thrown  overboard.  After  the  stars  are  killed  they  can  be  more  easily 
picked  off"  the  mops  than  when  they  are  alive.  Some  oystermen  prefer  to  dredge  up 
oysters,  stars  and  all,  and,  after  having  culled  out  the  stars,  to  replant  the  oysters. 

The  star  fish  become  easily  entangled  in  the  mops,  not  only  because  they  are 
rigid  and  covered  with  spines,  but  because  the  little  forceps  (pedieellaria)  thickly 
scattered  over  the  surface  of  the  body  catch  hold  of  the  threads  of  the  mop.  If  one 
presses  the  upper  surface  of  a  live  star-fish  against  the  back  of  his  hand  he  will 
find  that  these  pedieellaria  grasp  the  hairs  on  the  hand  tightly  and  will  sustain 
the  whole  weight  of  the  starfish. 
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Plate  23. 


1.  Miiliiiiii  /iitn-fdi.^.  fSTny.     Natural  size. 

12.  8tar-ti.sli  alxmt  2  day.s  old.  much  enlargerl.  devouring:  a  plain. 
Outlines  of  stomach  of  star-tish  can  be  .seen  through  transparent 
shell  of  clam.     ( Drawn  from  life  by  Dr.  ,1.  L.  Kellogg.) 

3.  Larva  (.)f  star-tish.  nearly  readv  to  set,  in  side  view:  dark  bands 
.show  position  (if  viliratilc  ci'lia:  intestine  and  stomach  shaded: 
five  lobes  at  lower  itortion  of  figure  are  beginning  of  the  five 
arms.  Larvie  of  about  the  same  age  are  shown  in  figure  -1. 
(From  life;  much  magnified.) 


4    Piece  of  eelgrass  with  star-fish  larvse  just  undergoing  their  trans- 
formation: two  larvse  at  sides.    Natural  .size. 
.">  to  8.  Small  si>ecimens  of  .star-fish  from  .seaweed,  about  the  first  of 

.fulv.     Natural  .size. 
'.1.  Shows  size  of  .average  star  founii  ujion  eelgrass  and  sea«ccil,  on 

,Tulv  !•").     Natural  size. 
1(1.  Large  specimen  from  car.  .Inly  l."i.     Natural  .size,  3  mm. 
II.  From  car,  .Tulv  18,  large  specimen,  o  mm.     Natural  size. 
V2.  Froni  car,  Julv  24,  large  specimen,  8  mm.     Natural  size. 


Plate  24. 


lo.  From  car,  July  21"),  larLre  siicfimcn.  9  mm.     Natural  size. 
14.  From  ear,  Anifust  2,  lars,')'  .>-|H'ciiiirii,  11  mm.     Xatural  size. 
1-1    From  car.  AuKUst  IS.  lart;c  sin-riiiicn,  IS  mm.     Natural  .'size. 
1(1.  From  car,  September  ■'),  large  ^IM.■(•imeIl.  IM  mm.     Natural  size. 


17.  From  car,  .'^eiitember  2(),  large  specimen,  3.5  mm.    Natural  .size. 

18.  From  car,  ()(>tobcr  V2,  large  specimen,  42  mm.     Natural  size. 

19.  From  ear,  October  25,  largest  specimen,  54  mm.     Natural  .size. 
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22— Continued. 


20.  Series  of  .'star-fisli  taken  on  August  18.  showing  variation  in  size: 
first  4  speeimens  from  eelgra.ss,  la.st  9  from  car.    Natural  size. 

^2^.  (I.  Star-tish  set  .Tune  2.S;  Ijept  alive  in  dish,  and  drawn  natural 
size,  .-^epteniber  Ci  (h^  weeks);  b.  from  ear,  September  5,  within 
a  day  or  two  of  the  age  of  a  (p.  21S) .    Natural  size. 


Shows  rate  of  growth  in  two  stars,  o,  h.  etc..  and  a',  b'.  eto.:  (i  and 
a'.  August  3.  7  and  lOi  mm.;  h  and  b'.  August  hi.  7  and  104  mm.; 
c  and  (•',  September  .5.  lb  and  19  mm.  (one  arm  jiulled  oti'  from 
(•)•  il  and  d'.  September  20.  2S  mm.  (new  arm  lOmm.i  and  29 
mm.;  c  and  e'.  October  12;  c.  30  mm.  (new  arm  20  mm. );  (',  40 
mm.    Natural  size.    See  page  219. 
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23.  Shows  growth  of  single  speeimen  collected  as  a  larva  and  set 

.June  28.  a,  July  23,  2  mm.:  6,  August  13,  4  mm.;  c,  August  18, 
4J  mm.;  d,  September  5,  5  mm.;  e.  September  26.  12  mm.;  /, 
October  12.  21  mm.;  17,  November  .5,  :W  mm.  Natural  size.  See 
T)age  218. 

24.  o,  Kate  of  growth  and  of  regeneration:  I.  Augu.st  lb:  II,  Septem- 

ber 5;  III,  September  20;   IV,  October  12;  6,  .single  arm  alive, 
from  August  15  to  September  26.      Natural  size.     See  page 
219. 
2o.  Star  regenerating  five  arms  from  ventral  side.    Natural  size.    See 
page  222. 


26.  Showing  manner  of  cutting  the  stars  in  the  experiment  ilescribed 

on  ]iagi'  222. 

27.  Showing  manner  of  cutting  the  stars  in  the  experiment  described 

on  iiage  223. 
■2s.  Showing  the  regeneration  of  the  arms  in  the  experiment  described 
on  page  223;  a  portion  of  the  disk  regenerating  three  arms.  Nat- 
ural size. 

29.  Showing  manner  of  cutting  the  stars  in  tlie  experiment  described 

on  page  223,    Natural  .size. 

30.  The  re.sult  of  one  of  the  regeneration  experiments  described  on 

page  223;  one  or  two  arms  regenerating  from  a  part  of  the  disk. 
Natural  size. 
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THE  REAPPEARAX(  I-  OF  THE  THT^:FISH. 


By  HERMON  C.  BUMPUvS.  Ph.  D., 

Director  of  Biological  Laboratory  of  United  States  Fish  Coiiiiiiissioii. 


During  the  past  .summer  the  investigations  of  the  United  States  Fish  Commission 
have  brought  to  light  the  facts  that  the  tiletish  {LojiholaUlus  chama'leonticeps),  once 
supposed  to  be  extinct,  occurs  in  great  numbers  oft"  the  southern  coast  of  lyTew  Eng- 
land, and  that  its  capture  requires  only  the  ordinary  apparatus  used  in  cod  and 
haddock  fishing.  This  fish  possesses  excellent  food  qualities  and  its  reappearance 
may  result  in  the  development  of  an  industry  of  considerable  importance.  Its  history 
is  of  scientific  interest,  since  it  furnishes  evidence  that  life  on  the  sea  bottom  is 
subject  to  periodic  modification,  and  that  a  species  almost  annihilated  may  become 
quickly  reestablished. 

In  May,  1879,  Captain  Kirby,  of  Gloucester,  in  command  of  the  schooner  William 
V.Hutchins,  while  searching  for  cod  and  hake  almost  directly  south  of  ^N^antucket, 
caught  great  numbers  of  a  "strange  and  handsomely  colored  fish."  The  first  catch, 
of  nearly  2,000  pounds,  was  made  in  water  varying  from  80  to  120  fathoms  in  depth,  at 
latitude  40°  04'  N.,  longitude  70°  23'  W.  Four  trawls  were  used,  each  about  a  mile 
in  length,  and  bearing  1,000  hooks.  Nearly  all  of  these  fish  were  thrown  overboard, 
but  a  few  were  kept  and  cooked. 

Captain  Kirby  stated  that  they  were  the  finest  fish  he  had  ever  eaten,  and  he 
determined  to  save  and  salt  all  that  he  might  catch.  The  trawls  were  set  the  same 
day  in  latitude  40°  04'  E.,  longitude  70°  17'  W.,  and  again  in  latitude  40°  00'  X., 
longitude  70^  04'  W.  Both  sets  yielded  about  2,000  pounds  of  dressed  fish,  which, 
on  being  lauded  in  Gloucester,  were  sold  to  Messrs.  Friend  e^  Son,  who  disj)osed  of 
them  in  various  ways 

Captain  Kirby  sent  one  of  the  fish  to  the  United  States  National  Museum,  where 
it  was  examined  by  Messrs.  Goode  cS:  Bean,  and  described  (Proceedings  U.  S.  Nat. 
Mus.,  vol.  II,  pp.  205-208)  as  a  new  genus  and  ST^ecies  {LojjholatilHs  chamceleonticeps). 
Keccntly  it  has  been  assigned  by  Jordan  &  Evermann  to  the  family  Malacanfhida' 
a  group  of  fishes  of  somewhat  obscure  relationship,  found  in  temperate  and  tropical 
seas. 

In  July  of  the  same  year  Captain  Dempsey,  also  of  Gloucester,  caught  0  tilefish 
while  fishing  for  cod  in  a  locality  50  miles  south  by  east  of  No  Man's  Land,  in  75 
fathojns  of  water. 
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Professor  Baird  took  great  interest  in  the  discovery  of  this  new  lisli.  Its  fine 
flavor  and  attractive  appearance  indicated  excellent  marketable  qualities,  and  its 
great  abnndance  promised  to  be  a  profitable  source  of  income  to  offshore  fishermen. 

The  Fish  Haick  took  o  specimens  on  the  13th  of  September,  1880,  in  126  fathoms, 
latitude  39°  57'  N.,  longitude  70°  56'  W.,  and  so  anxious  was  Professor  Baird  to  gain 
additional  information  that  he  chartered  the  fishing  smack  Mary  Potter,  of  ISToank,  in 
which  Mr.  Vinal  Edwards  left  Kewport  for  the  tilefish  grounds  on  the  liOth  of  Sep- 
tember. A  trawl  line  of  400  hooks,  baited  with  menhaden,  was  set  in  127  fathoms,  but 
only  a  swordhsh  and  two  skates  were  caught.  Threatening  weather  then  drove  the 
vessel  back  to  port. 

On  August  9,  1881,  trawl  lines  were  set  from  the  Fish  Hawk  in  134  fathoms,  lati- 
tude 40^  02'  X.,  longitude  7P^  12'  W.,  and  8  tilefish,  weighing  147  pounds,  were  taken. 
On  August  23,  in  latitude  40°  03'  N.,  longitude  70°  31'  W.,  73  fish,  weighing  540 
pounds,  were  taken.  The  trawl  line  was  set  again  on  September  21  at  a  point  farther 
to  the  eastward,  latitude  30^  ~.S'  IST.,  longitude  70"^  06'  W.,  in  water  of  113  fathoms, 
but  no  fish  were  taken. 

In  March  and  April,  1882,  vessels  entering  New  York  and  other  Atlantic  ports 
reported  that  they  had  passed  through  countless  numbers  of  dead  fish  while  crossing 
the  northern  edge  of  the  Gulf  Stream.  Investigation  proved  that  these  were  tilefish, 
and  that  they  appeared  on  the  surface  of  the  water  over  an  area  of  170  miles  in  length 
and  25  miles  in  width.  A  conservative  estimate,  made  by  Gapt.  J.  W.  Gollins  (Fish 
Gommission  Report  for  1882),  who  has  given  a  detailed  history  of  the  tilefish  up  to  the 
time  of  this  mortality,  placed  their  number  at  upwards  of  1,438,720,000.  Allowing 
10  pounds  to  each  fish,  he  has  estimated  that  there  would  be  288  pounds  of  fish  for 
every  man,  woman,  and  child  in  the  United  States. 

In  September,  1882,  Professor  Baird  chartered  the  Josie  Reeves,  and  sent  her  to  the 
tilefish  grounds,  that  he  might  ascertain  to  what  extent  the  species  had  been  depleted, 
but  the  vessel  returned  without  having  found  a  single  individual.  This  seemingly 
unprecedented  destruction  of  marine  life  was  extensively  commented  upon  both  by 
newspapers  and  scientific  journals,  and  in  the  Report  of  the  U.  S.  National  Museum 
for  1889  the  tilefish  was  placed,  provisionally,  in  a  list  of  extinct  animals. 

The  scientific  work  that  finally  led  to  the  rediscovery  of  the  animal  really  began 
in  the  summer  of  1880,  when  the  completion  and  equipment  of  the  Fish  Haick  made 
it  possible  to  enter  upon  lines  of  investigation  which  before  were  out  of  the  question. 
This  vessel  has  added  materially  to  the  practical  efiflciencj^  of  the  Commission,  and 
its  frequent  employment  by  men  of  science  has  greatly  increased  our  knowledge  of 
oceanic  life. 

In  November,  1880,  Professor  Yerrill  imblished  his  memorable  "Notice  of  the 
remarkable  marine  fauna  occupying  the  outer  banks  of  the  southern  coast  of  New 
England''  (Am.  Jour.  Sci.,  Nov.  1880,  p.  390),  in  which  he  gave  the  scientific  results 
of  three  excursions  made  by  the  Fish  Hatvlc.  On  these  excursions  the  dredge  was 
used  23  times,  and  an  enormous  number  of  deep-sea  animals  were  taken.  Among 
these  were  130  species  of  mollusks,  26  echinoderms,  43  Crustacea,  and  16  fish  new  to 
the  southern  coast  of  New  England,  and  many  of  these  animals  were  also  new  to 
science. 

During  the  following  summer,  1881,  seven  excursions  were  made  to  the  Gulf 
Stream,  wliere,  besides  the  work  done  with  the  line  trawl  already  mentioned,  the 
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dredge  was  used  47  times.  It  is  fortunate  that  these  investigations  were  made  in 
1880  and  1881,  since  they  furnished  definite  data  respecting  the  physical  and  biological 
conditions  of  a  tract  of  the  sea  bottom  which  in  the  spring  of  1882  became  the  scene 
o.f  wides})read  devastation. 

While  Captain  Collins  was  collecting  his  data,  the  Fish  Hmvl;  which  had  tak-en 
a  few  tilefish  in  1880,  and  had  found  them  very  numerous  in  1881,  was  continuing  her 
deep-sea  exi)lorations  under  the  direction  of  Professor  Verrill.  During  August,  Sep- 
tember, and  October,  1882,  five  trips  were  made  to  the  tilefish  grounds,  and  the  dredge 
was  lowered  4G  times.  The  definite  information  relative  to  the  life  on  the  sea  bottom, 
which  Professor  Verrill  had  been  able  to  secure  during  the  summers  of  1880  and  1881, 
now  became  of  great  value,  since  it  enabled  him  to  report  on  the  general  faunistic 
changes  which  had  affected  this  area,  to  measure  the  extent  of  the  destruction  of 
oceanic  life,  and  to  give  an  intelligent  reason  therefor. 

In  the  leport  for  1882,  he  writes : 

One  of  the  most  peculiai"  facts  connected  with  our  dredging  this  season  (1882)  was  tbe  scarcity 
or  absence  of  many  of  the  species,  especially  Crustacea,  that  were  taken  in  the  two  previous  years,  in 
essentially  the  same  localities  and  depths,  in  vast  numbers,  several  thousand  at  a  time. 

In  another  article  (Physical  characters  of  the  portion  of  the  continental  border 
beneath  the  Gulf  Stream,  explored  by  the  Fish  Hawl;  1880  to  1882),  Professor  Verrill 
describes  the  rapid  incline  of  the  sea  bottom  beyond  the  100-fathom  line,  "usually  as 
steep  as  the  side  of  a  great  mountain  chain,  and  about  as  high  as  Mount  Washington, 
New  Hampshire."     He  further  writes : 

The  bottom  along  the  upper  part  of  this  slope  and  the  outermost  portion  of  the  adjacent 
plateau,  in  65  to  150  fathoms,  and  sometimes  to  200  fathoms  or  more,  is  bathed  by  the  waters  of  the 
Gulf  Stream.  Consequently  the  temperature  of  the  bottom  water  along  this  belt  is  decidedly  higher 
than  it  is  along  the  shallower  j)art  of  the  plateau  near  the  shore,  in  25  to  60  fathoms.  *  *  *  t^q 
may  therefore  call  the  upper  part  of  the  slope,  in  about  85  to  150  fathoms,  the  "warm  belt." — (Report 
U.  S.  Fish  Commission  for  1882,  p.  279.) 

It  was  along  this  warm  belt  that  many  animals  characteristic  of  troi^ical  or  sub- 
tropical fauna  were  dredged  in  1880  and  1881,  and  Professor  Verrill  states: 

111  fact,  this  belt  is  occupied  by  a  northern  continuation  of  the  southern  or  West  Indian  Gulf- 
Stream  fauna  *  *  ■  that  could  not  exist  there  if  the  Gulf  Stream  did  not  flow  along  this  area  at 
the  bottom,  both  in  winter  and  summer. 

The  tilefish,  whose  relatives  are  known  to  be  tropical,  doubtless  belongs  to  this 
warm-water  fauna,  and  the  destruction  of  1882  was  exi)lained  by  Professor  Verrill  when 
he  wrote,  in  October  of  that  year : 

It  is  probable,  therefore,  that  the  finding  of  vast  numbers  of  dead  tiletish  floating  at  the  surface 
in  this  region  last  winter  was  connected  with  a  wholesale  destruction  of  the  life  at  the  bottom,  along 
the  shallower  part  of  this  belt  (in  70  to  150  fathoms),  where  the  southern  forms  of  life  and  higher 
temperature  (47^  to  52^)  are  found.  This  great  destruction  of  life  was  probably  caused  by  a  very 
seveie  storm  that  occurred  in  the  region  at  that  time,  which,  by  agitating  the  bottom  water,  forced 
outward  the  very  cold  water  that  even  in  summer  occupies  the  wide  area  of  shallower  sea  in  less  than 
60  fathoms  along  the  coast,  and  thus  caused  a  sudden  lowering  of  the  temperature  along  this  narrow 
warm  zone,  where  the  tilefish  and  the  Crustacea  referred  to  were  formerly  found. 

The  warm  belt  is  here  narrow,  even  in  summer,  and  is  not  only  bordered  on  its  inner  edge,  but  is 
also  underlaid  in  deeper  water  l)y  much  colder  water.  In  fact,  the  bottom  water  inshore  is  probably 
below  32°  F.  in  winter  where  the  depth  is  20  to  40  fathoms.  In  August  this  year  (1882)  we  found  the 
temperature  37^'  F.,  south  of  Cape  Cod,  in  55  to  60  fathoms.  It  is  evident,  therefore,  that  even  a  mod- 
erate agitation  and  mixing  up  of  the  warm  and  cold  water  might  in  winter  reduce  the  temperature 
so  much  as  to  practically  obliterate  the  warm  belt  at  the  bottom.     But  a  severe  storm,  such  as  the  one 
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refenvd  to.  luight  even  cause  such  a  variation  iu  tlii'  ])ositiou  auci  diivctiou  of  the  tidal  aud  other  cur- 
rents as  to  cause  a  direct  flow  of  the  cold  inshore  waters  to  temporarily  occupy  the  warm  area,  pushiug 
farther  outward  toward  the  Gulf-Stream  water.  The  result  would  iu  either  case  be  a  sudden  aud  great 
reduction  of  temperature,  perhaps  as  much  as  15°  to  20*^.  This  could  not  fail  to  he  Aery  destructive 
to  such  southern  species  as  find  here  nearly  their  extreme  northern  limits.  It  is  probable,  however,  that 
these  southern  species,  including  the  tilefish,  were  uot  thus  destroyed  farther  south.  Then^fore  it  is 
probable  that  iu  a  few  years  they  will  again  occupy  these  grounds  by  migrating  northward,  oven  if  there 
be  not  enough  left  here  to  ro])lonish  their  races. — (Report  of  the  United  States  Fish  Commission,  1882, 
p.  270.) 

These  qiiotation.s  are  here  inserted  because  thej-  are  based  on  facts  ascertained  by 
those  interested  in  the  scientific  work  of  tlie  Commission  and  because  they  explain 
adequately  the  cause  of  the  mortality,  ascribing  it  to  climatic  changes.* 

In  1883  the  Fish  Hanlx  made  but  one  excursion  to  the  Gulf  Stream,  and  even 
then  did  not  reach  the  edge  of  the  ''warm  belt,''  the  deepest  water  in  which  the 
dredge  was  cast  being  only  62  fathoms.  Tlie  Albatross  worked  on  the  ground,  how- 
ever, and  cast  the  dredge  at  least  20  times  over  the  area  known  to  have  been  occupied 
previously  by  the  tilefish.  Since  1883,  up  to  the  present  time  (January,  1899),  the 
Fish  Hani-  has  uot  again  attempted  to  explore  this  portion  of  the  sea  bottom. 

In  1881  the  ^l//>a^ro.s-.s' made  a  most  careful  survey  of  the  "tilefish  grounds"  aud  the 
tracts  of  deeper  and  shallower  water  bounding  the  same.  The  dredge  was  lowered  76 
times,  and  although  material  of  great  scientific  interest  was  secured,  no  trace  of  the 
tilefish  was  found. 

In  1885  the  examination  of  the  sea  bottom  in  this  locality  was  continued,  and  the 
dredge  was  lowered  from  the  Albatross  38  times. 

In  1880  the  Albatross  lowered  the  dredge  11  times,  but  no  tilefish  were  found. 

It  is  worthy  of  note  that  the  first  cruise  made  by  the  Fish  Commission  schooner 
Gra))qjiis  was  to  the  tilefish  grounds.  The  vessel  left  Newport  on  August  14,  1886, 
and  set  trawls  in  90  fathouis  (latitude  39^  r)9'  N.,  longitude  70^  15'  AY.),  and  altliough 
trawls  aud  hand  lines  were  repeatedly  used  until  August  21  the  ground  was  so 
barren  that  only  a  fcAv  hake  were  taken.  The  stomachs  of  these  fish  showed  a  scarcity 
of  food  suitable  for  the  LophoJatilus,  and  Captain  Collins  concluded  that — 

It  is  safe  to  say  that  the  large  number  of  sets  made  with  the  trawl  line  on  this  occasion,  together 
with  the  trials  made  with  hand  lines,  clearly  demonstrate  the  fact  that  if  the  tilefish  has  not  become 
absidutely  extinct  in  this  region  it  is  certainly  so  rare  that  the  chances  of  obtaining  it  are  limited. 

In  1887  the  Albatross  made  three  unsuccessful  efforts  to  find  the  tilefish,  and  in 
November  left  the  Atlantic  waters  and  sailed  to  the  Pacific,  where  she  has  remained. 

In  1888  no  attempt  was  made  to  visit  the  tilefish  ground. 

In  1889  Prof.  William  Libbey,  jr.,  began  a  series  of  temperature  and  specific 
gravity  observations  off'  the  shore  of  southern  New  England,  which  extended  directly 
over  this  interesting  tract.  These  observations  were  made  for  the  purpose  of  "estab- 
lishing some  connection  between  the  changes  in  temperature  in  the  waters  and  the 
migrations  of  the  fish  which  inhabit  them."  The  Gram2)us  was  placed  at  the  disposal 
of  Professor  Libbey,  and  an  account  of  his  work  for  the  summer  of  1889  will  be  found 


•Professor  Libbey,  in  a  paper  read  before  the  Geographical  Congress  iu  1895,  claims  that  the 
effect  of  any  single  storm  is  largely  sujierficial,  and  that  it  takes  the  resultant  of  several  years  of 
storms  permanently  in  one  direction  or  the  other  to  ])rodu(e  such  effects  in  deep  water.  Professor 
Libbey  ascribes  the  disappearance  of  the  lish  lo  conditions  just  the  reverse  of  those  mentioned  by  Pro- 
fessor Verrill,  namely,  the  cold  body  of  water  on  the  continental  ])latform  was  allowed  to  advance 
over  the  area  upon  the  edge  of  the  continental  ])lateau  by  a  retrogression  of  the  warm  waters  of  the 
Gulf  .Stream  produced  by  the  exact  o])po8ite  of  the  conditions  which  caused  its  advance  toward  the 
same  edge. 
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in  theU.S.  Fisli  Commission  Bnllotin,  vol.  ix.  This  account  contains  a  record  of  over 
1,600  temperature  observations,  and  tlie  general  results  were  of  such  im[»ortance  that 
Commissioner  McDonald  continued  the  work  during  the  summer  of  1890,  at  which  time 
the  United  States  Coast  Survey  steamer  Blake  was  detaile«l  to  act  in  cooperation  with 
the  Grampus. 

During  the  summer  of  1891  the  Grampus  was  placed  again  at  the  disposal  of 
Professor  Libbey,  and  the  work  was  continued  along  the  same  lines  as  during  the  two 
previous  years.  Unfortunately,  the  results  of  these  investigations,  perhaps  the  most 
complete  ever  conducted  over  a  tract  of  the  ocean  of  equal  extent,  have  never  been 
published,  although  they  yielded  extremely  important  data  relative  to  the  physical 
changes  affecting  the  sea  and  the  sea  bottom.  Professor  Libbey  found  that  a  compari- 
son of  the  temperature  records  as  shown  by  the  temperature  cross-sections  constructed 
upon  the  basis  of  the  observations  made  in  this  body  of  water  for  the  three  years 
1889,  1890,  and  1891,  demonstrated  that  there  had  been  a  progressive  movement  of 
the  warm  water,  of  50°  temperature,  toward  the  shore. 

In  a  communication  addressed  to  Commissioner  McDonald  in  1892,  Professor 
Libbey  wrote : 

In  1889  the  lower  portion  of  the  cnive  did  not  tomli  the  edge  of  the  continental  platform  at  any 
point  within  the  area  we  were  studying.  In  1890  this  portion  of  the  curve  touched  the  continental 
edge  both  at  Block  Island  and  otf  Nantucket  Island  in  the  latter  part  of  the  season  ;  and  in  1891,  as  has 
been  said,  it  touched  along  the  whole  edge  of  this  portion  of  the  platform  during  the  greater  part  of  the 
summer.  The  change  which  was  thus  produced  in  the  temperature  at  the  bottom  along  this  edge  of  the 
continental  platform  was  in  the  neighborhood  of  10"^,  an  item  of  considerable  importance. — (Report 
U.  S.  Fish  Commission,  1893,  p.  34.) 

Piofessor  Libbey,  in  a  conference  with  Com ntissiouer  McDonald,  showed  that  if  the 
movement  of  the  warm  band  toward  the  shore  continued  during  the  summer  of  1892, 
the  whole  of  the  continental  edge,  or  that  part  of  it  upon  which  the  tileflsh  had  once 
flourished,  would  present  environmental  conditions  favorable  to  the  return  of  the  fish. 
The  importance  of  these  presentations  was  recognized  by  Commissioner  McDonald, 
and  though  other  work  had  been  laid  out  for  the  Grampus,  she  was  ordered  to  prepare 
for  further  explorations  of  the  Gulf  Stream  and  the  bottom  fiiuna  off  the  southern  Xew 
England  coast.     Professor  Libbey  writes: 

In  July  the  Commissioner  and  myself  went  out  in  the  schooner  Grampus,  south  of  Martha's 
Vineyard,  to  the  area  which  seemed  to  promise  a  reward  for  our  labors.  We  found  the  temperature 
conditions  right,  set  the  cod  trawls,  and  caught  the  tilefish.  During  the  remaining  portion  of  the 
summer  I  spent  considerable  time  tracing  out  the  limits  of  the  area  over  which  the  t»'mperature  of 
50°  and  above  could  l)e  found,  using  the  trawl  lines  at  the  same  time  to  ascertain  if  the  fish  were 
there.  We  found  them  all  the  way  to  the  Delaware  capes,  and  were  satisfied  that,  though  they  were 
not  numerous,  they  had  taken  advantage  of  the  changed  conditions  to  occupy  the  area. 

It  is  thus  seen  that  whereas  Professor  Verrill  in  1882  had  given  reasons  for  the 
disappearance  of  the  fish,  and  had  stated  that,  '-It  is  probable  that  in  a  few  years 
they  will  occupy  these  grounds  by  migrating  northward,  even  if  there  be  not  enough 
left  here  to  replenish  their  race,"'  and  although  an  indiscriminate  search  of  ten  years 
had  failed  to  find  any  trace  of  the  lost  fish,  the  results  of  Professor  Libbey's  tempera- 
ture investigations  enabled  him  to  show  that  the  physical  conditions  of  the  sea  bottom 
were  variable,  to  prove  that  there  was  a  definite  movement  of  warm  water  toward  the 
area  earlier  occupied  by  the  tilefish,  and  to  predict  that  if  this  movement  continued 
the  tilefish  would  be  found  again  in  its  old  habitat. 
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Eight  specimens  of  tiletish  were  taken  by  tlie  (rrampiis  in  1892,  as  indicated  iu 
the  following:  table: 


Date. 

Station 
No. 

Depth. 

Lat.  N. 

Long.  W. 

No.  of 
tilefish. 

Weight. 

Trip  1 : 

Aug.  5,1892... 

Aug.  .5,1892... 

Aug.  6,1892... 

Aug.  6,1892... 

Aug.  6,1892... 
Trip  2: 

AusT.  11, 1892  . . . 

Aug.  13, 1892... 

Aug.  13, 1892... 
Trip  3 : 

Aug.  18, 1892... 

Aug.  18, 1892  . . . 

Aug.  19, 1892  . . . 

Aug.  20, 1892  . . . 
Tri|)4: 

Sejit.  7, 1892  . . . 

Sept.  9,1892... 

Sept.  10, 1892  ... 

1 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 

13 
14 
15 

Fms. 
75 
70 
98 

O     (    " 

40  04  00 
40  01  00 
40  02  00 

0     1    // 

70  27  00 
70  35  00 

70  38  00 

71  00  00 
71  04.  00 

71  00  00 
71  32  00 

Lbs. 

It 

40  06  30 
40  05  00 

1 

7 

84 
108 
91 

40  06  00 

39  57  00 

40  01  00 

71  25  00 

71  08  00 
71  24  00 
71  23  00 
71  28  00 

71  46  30 

71  58  00 

72  06  00 

78 
82 

40  08  00 
40  00  00 

1 

13 

51   !  40  05  00 

78  :  40  02  00 

84    39  36  00 

79  39  44  30 
90    39  34  00 

:.::;;::; 

Sept.  10,  1892  ...    16 
Trip  5: 
Sept.  17, 1892...    17 

58 

58 
65 
74 
75 
95 

72 
67 
70 
85 
100 

39  38  00 

39  40  00 
39  30  00 
39  26  00 
39  20  00 
39  28  00 

38  09  00 
38  25  00 
38  40  00 
38  52  00 
.39  07  00 

72  16  00 

72  34  30 
72  28  00 
72  22  .30 
72  27  30 

72  11  00 

73  55  00 
73  36  00 
72  58  00 
72  58  00 
72  45  00 

Sept.  17, 1892... 
Sept.  17, 1892  . . . 
Sept.  18, 1892... 
Sept.  18,  1892... 
Trip  6: 
Oct.  3,1892... 
Oct.  7, 1892  . . . 
Oct.  8,1892... 
Oct.  8,1892... 
Oct.  9,1892... 

18 
19 
20 
21 

22 
23 
24 
25 
26 

3^ 

(') 
(?) 

2 

(?) 

Two  of  the  stations  (4  and  9)  at  which  tilefish  were  taken  are  located  on  the 
original  tilefish  gronud,  at  a  point  that  had  not  been  tested  by  either  the  Fish  Hauk 
or  the  Albatross,  although  the  latter  vessel  in  1883  dredged  within  7  miles  of  this 
spot,  and  in  1886  Captain  Collins  used  trawls  still  nearer.  The  other  stations  at  which 
the  fish  were  found  (19,20,  and  21)  were  considerably  farther  to  the  west,  a  locality 
that  had  been  examined  by  the  Albatross  in  1883  and  again  in  1884.  This  locality, 
near  the  great  submarine  channel  which  cuts  through  the  continental  shelf  from  the 
mouth  of  the  Hudson  to  the  deep  water  underlying  the  Gulf  Stream,  was  the  seat  of 
continued  investigations  during  the  following  season.* 


The  reasoDs  for  the  movements  of  the  Grampus  in  1892  and  1893  are  stated  in  a  commnnication 
from  Profe.ssor  Libbey,  bearing  date  April  3,  1899,  in  reply  to  certain  questions  which  I  had  a.sked. 

"With  regard  to  the  capture  of  the  tilefish  (in  1892),  to  the  westward  of  the  positions  where  my 
observations  had  been  made,  I  would  say  that  the  facts  which  have  been  published  cover  only  a  small 
amount  of  the  items  which  are  to  be  derived  from  a  careful  and  systematic  study  of  tlie  temperature 
observations.  When  in  Washington,  at  the  time  of  the  conference  with  Colonel  McDonald,  I  told 
hiui  that  if  the  tilefish  were  of  a  tropical  form  he  might  expect  to  find  the  fish  that  year,  provided  the 
conditions  I  anticipated  were  fulfilled  at  one  of  two  points,  and  I  marked  the  positions  on  a  map  in 
bis  office — one  of  them  being  off  the  Delaware  capes,  the  other  south  of  JIartha'.s  Vineyard — and  I 
gave  as  my  reasons  that  I  felt  (juite  sure  that  the  break  or  depression  in  the  continental  edge,  repre- 
senting the  bed  of  the  Hudson  Kiver,  was  of  such  a  character  and  depth  as  to  prevent  the  tilefish 
from  crossing  it,  unless  the  high  temperature  had  proceeded  far  enough  inland,  or  in  toward  the  laud, 
to  make  a  connection  across  the  upper  part  of  this  depression.  If  you  Avill  examine  the  charts  of  the 
Coast  Survey  you  will  find  that  there  is  a  .somewhat  remarkable  depre-ssion  on  the  edge  of  the  conti- 
nental platform  to  the  southeast  of  the  mouth  of  the  Hudson  River.  It  was  my  idea  that  a  band  of 
warm  waters  moving  in  from  the  southeast  would  touch  this  platform;  but  as  the  tilefish  apparently 
was  a  bottom  fish,  the  migration  of  the  school  would  stop  if  the  temperature  variations  did  not  touch 
the  bottom  clear  arciund  this  depression.  If  such  were  the  case,  the  fish  would  be  found  off"  the 
Delaware  capes  only ;  but  if  the  connection  had  been  made  the  fish  would  probably  be  found  in 
both  places.  **-**» 

"  When  we  succeeded  iu  finding  the  fish  iu  the  area  where  my  observations  had  been  made,  I 
immediately  suggested  to  Colonel  McDonald  that  we  follow  up  the  edge  of  the  continental  platform, 
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In  1893  the  Grampus  made  five  trips  in  search  of  tiie  tileflsh,  set  the  trawls  at  18 
stations,  aud  caught  53  fish.  Although  tlie  trawls  were  set  at  5  places  near  stations 
4  and  9,  no  tish  were  taken,  so  that  the  greater  amount  of  time  was  spent  near  the 
"Hudson  Channel,"  where  on  one  occasion  a  single  set  of  tlie  travjl  yielded  24  fish. 

The  record  for  1893  is  as  follows: 


Date. 

Station 
No. 

Depth. 

Lat. 

N. 

hong. 

W. 

No.  of 
tilelish. 

Weight. 

Trip  1 : 

July  19.1893... 

July  20,1893... 

Julv  20,1893... 

Julv  21,1893... 

July  21.1893... 

July  21,1893  .. 
Trip  2: 

Julv  25,1893... 

July  27,1893... 

Julv  27,1893... 
Trip  3: 

Aug.  10,1893... 

Aug.  11,1893... 
Trip  4: 

Aug.  19, 1893... 

Aug.  20, 1893... 

Aug.  22,1893... 

Aug.  22.1893-.. 
Trip  5 : 

Sept.  21,1893... 

Sept.  21.1893... 

Sept.  22,1893... 

Sept.  22, 1893... 

27 
28 
29 
30 
31 
32 

33 
34 
35 

36 
■     37 

38 
39 
40 
41 

42 
43 
44 
45 

Fvis. 
93 
75 
86 

78 
74 
71 

70 
74 
69 

79 
73 

72 
72 
75 
64 

68 
78 
65 
80 

0        / 
39    58 
39    15 
39    14 
39    23 
39    23 
39     22 

39     25 
39    20 
39    25 

39     19 
39    20 

39    23 
39    23 
39    18 

39  19 

40  04 
40    07 
40    12 
40     14 

00 
00 
00 
00 
00 
00 

00 
00 
00 

30 
00 

00 
00 
21 

00 

00 
30 
00 
30 

0           1 

71  19 

72  31 
72    29 
72    24 

72    25 
72    24 

72    27 
72    28 
72    19 

72    25 

72    28 

72    32 
72    29 
72    23 
72    34 

71     25 
71     14 
71     10 
71     01 

00 
30 
00 
00 
00 
30 

00 
00 
00 

30 
45 

00 
00 
00 
30 

00 
00 
00 
00 

Lbs. 

1 

I 
1 

4 

*4 

1 

t24 

1 

6 

7 
C 

1 

''Ovaries  of  flsh  fully  developed. 


t  Spawn  in  advanced  stage. 


During  1894,  1895,  and  1896  the  Grampus  and  Fish  Rawk  were  engaged  with 
other  work,  and  it  was  the  general  opinion  that,  although  scattered  specimens  of  the 
tileflsh  might  be  found,  they  were  not  sufficiently  abundant  to  warrant  continued 
efforts  toward  their  capture. 

On  February  8, 1897,  the  78-ton  schooner  Mabel  Kenniston  was  overtaken  by  a  gale 
while  on  the  Georges  Bank,  and  was  blown  to  the  westward  about  120  miles.  The 
exact  location  is  not  detinitely  known,  but  it  was  about  140  miles  southwest  of  ¥o 
Man's  Land,  in  latitude  about  39°  40'  N.  aud  longitude  72^  10'  W.     Haddock  trawls 

to  the  westward,  as  far  as  the  season  and  the  finances  of  the  Commission  would  permit,  in  order  to 
verify  the  facts  and  see  whether  the  conditions  of  the  theory  which  I  had  advanced  really  seemed  to 
hold  good  along  the  southwestern  projection  of  the  continental  i^latform.  As  this  conference  took 
place  on  the  Grampm  and  no  instructions  aside  from  the  verbal  understanding  between  us  are  in 
exi.stonce,  the  mere  fact  that  such  work  was  done  at  that  time  and  under  my  direction  cau  hardly  be 
explained  in  any  other  way. 

•'  With  reference  to  the  other  question,  that  in  1893  no  tilefish  were  found  near  the  seventy-first 
meridian,  while  a  large  number  were  taken  near  72^  30  W.,  39v  20"  Is.,  this  would  tend,  in  my 
opinion,  to  confirm  this  statement,  becau.se  the  location  which  you  have  given  would  seem  to  show 
that,  if  not  a  permanent  break  in  this  Hudson  River  depression,  at  least  a  temporary  break  had 
occurred.  Some  fish  must  have  goue  across  this  break,  because  we  found  the  proper  temperatures  and 
proper  conditions  all  around  the  sides  of  this  depression  in  1892.  The  warm  water  may  have  with- 
drawn slightly,  so  as  to  interrupt  the  movement  of  the  school  of  fish  along  the  bottom  after  that  time. 

"The  answers  to  your  questions  all  hang  together  upon  the  establishment  of  that  one  point,  aud 
here  I  think  I  have  temperature  observations  enough  to  warrant  me  in  the  statement  that  while  we 
did  find  the  tilefish  over  the  whole  area  in  1892,  it  is  quite  probable  that  the  general  conditions  had 
not  become  permanent  along  the  edge  of  the  continental  platform,  but  that  they  were  still  undergoing 
a  species  of  oscillation.  It  is  my  impression  that  if  we  have  a  series  of  years,  in  the  near  future,  with 
a  predominance  of  northwesterly  winds,  we  will  be  treated  sooner  or  later  to  a  new  disappearance 
or  annihilation  of  that  same  body  of  fish,  because  you  will  easily  see  that  if  the  warm  band  representino- 
the  lower  layers  of  the  Gulf  Stream  is  ever  withdrawn  from  the  continental  edge,  it  will  nrobably  be 
withdrawn  in  the  manner  in  which  1  have  indicated,  and  then  the  conditions  for  the  disappearance 
of  the  fish  will  be  at  hand  once  more." 
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sot  in  C>~y  fatlioins  of  water,  when  brought  to  the  surfiice,  yielded  a  catch  of  30  tiletish, 
weighing  from  0  to  15  pounds  apiece.  These  were  landed  in  Gloucester  on  February 
10,  where  they  were  distributed,  and  those  who  ate  them  stated  that  they  were  "better 
than  salmon."  TliQ  cai)tain  of  the  Mahel  Kcnniston  thought  the  catch  of  tilefish  would 
have  been  considerably  larger  had  it  not  been  that  the  dogfish  were  very  abundant 
and  troublesome. 

In  August,  1898,  the  GrampuH  was  placed  at  the  disposal  of  the  Director  of  the 
Biological  Laboratory  of  the  United  States  Fish  Commission  at  Woods  Hole,  and  a  small 
party  of  naturalists,  ipiite  ignorant  of  the  catch  that  had  been  made  by  the  Mabel  Ken- 
nisfon  in  1897,  boarded  the  vessel  on  August  12,  for  the  purpose  of  examining  the  surface 
fauna  in  the  warmer  waters  of  the  Gulf  Stream,  and  to  make  a  trial  for  the  tilefish, 
although  the  apparatus  for  the  latter  work  was  crude  and  unsatisfactory.  At  noon 
on  the  13th  of  August  a  trawl  was  set  in  70  tathoms  of  water  in  latitude  40°  11'  N.  and 
longitude  70°  48'  W.  After  it  had  been  on  the  bottom  not  more  than  an  hour,  it  was 
drawn,  and  8  tiletish  were  taken;  fully  a  third  of  the  hooks  had  been  torn  away  from 
the  rotten  gangings.  The  capture  of  these  8  tilefish  was  a  most  welcome  surprise  to 
those  on  board  of  the  boat,  because  the  trawl  that  had  been  used  was  in  a  miserable 
condition,  and  baited  with  squeteague,  which  are  unsuited  for  this  method  of  fishing. 
Moreover,  the  line  rested  on  the  bottom  but  a  comparatively  short  time.  The  boat 
was  immediately  headed  for  Woods  Hole  to  obtain  the  necessary  equipment  for  a 
more  careful  survey  of  the  tilefish  grounds. 

The  locality  that  had  been  thus  examined  was  about  10  miles  to  the  eastward  of 
the  position  occupied  by  the  Grampus  in  1892,  where  McDonald  and  Libbey  had 
caught  the  first  fishes  since  the  mortality  of  1882.  It  was,  however,  a  spot  that  had 
not  been  examined  by  the  vessels  that  had  searched  for  the  tilefish  during  the  inter- 
vening years. 

Commissioner  George  M.  Bowers  very  willingly  provided  the  necessary  apparatus 
for  a  more  thorough  examination  of  the  tilefish  ground,  and  on  the  30th  of  August 
the  Grampus  left  Woods  Hole,  sailed  to  Newport,  where  two  barrels  of  small  mackerel 
were  taken  on  board  for  bait,  and  early  on  the  morning  of  August  31  two  trawls  were 
set  in  75  fathoms  of  water  in  latitude  40°  08'  N.,  longitude  71°  12'  W.  This  was  a 
point  about  20  miles  to  the  westward  of  the  location  at  which  the  fish  were  found  on 
August  13,  but  when  the  trawl  was  drawn  and  the  dory  had  returned  to  the  boat,  7 
beautiful  tilefish  were  thrown  on  to  the  deck  of  the  Grampus.  With  these  were  two 
large  skates,  two  squid,  and  a  small  hake.  Two  trawls,  each  200  fathoms  in  length, 
were  used,  and  each  trawl  was  provided  with  300  hooks.  The  tilefish  were  all  caught 
on  hooks  that  had  been  baited  with  mackerel.  The  skates  were  taken  on  hooks  that 
had  been  baited  with  squeteague. 

The  boat  then  ran  a  few  miles  to  the  eastward  and  the  trawls,  again  baited  with 
mackerel,  were  set  in  75  fathoms.  After  remaining  out  for  a  few  hours  they  were 
hauled,  and  from  the  deck  of  the  Grampus  we  could  see  the  sailors  tugging  at  the  line 
and  rolling  the  great  fish  over  into  the  boat.  When  the  dory  came  alongside,  the  men 
threw  47  beautiful  tilefish  on  the  deck.  This  m  as  the  greatest  catch  since  the  mor- 
tality of  1882,  and  proved  conclusively  that  the  animal  was  reestablished  in  its  former 
habitat. 

There  was  time  before  dark  for  the  trawls  to  be  set  again,  although  they  could 
remain  out  but  a  short  time;  19  additional  fish,  however,  were  taken,  making  a  total 
of  T.\  for  the  entire  day.    Although  many  were  young  fish  weighing  less  than  2  jKHinds, 
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several  were  over  20  pounds  in  weight.  Tlie  presence  of  large  numbers  of  young  fish 
is  of  considerable  biological  importance,  for  it  indicates  that  the  fish  are  breeding, 
and  that  those  now  found  ou  the  old  tilefish  ground  are  not  there  as  a  result  of 
migration. 

On  the  following  day,  September  1,  three  sets  were  made,  yielding  78  fish,  and  as 
the  bait  was  now  exhausted,  the  GrumpuH  headed  for  Montauk  Point  for  the  purpose 
of  distributing  her  fare  to  the  soldiers  at  Camp  Wickoff. 

After  returning  from  Camp  Wickoff,  the  Granqms  was  delayed  at  Woods  Hole 
until  the  latter  part  of  the  month.  Ou  September  28  Captain  Hahn  set  sail  for  the 
edge  of  the  Gulf  Stream,  with  instructions  to  find,  if  possible,  the  eastern  limit  of 
distribution  of  the  tilefish.  On  September  29  he  set  two  tubs  of  trawl  in  latitude 
40°  01'  jST.,  longitude  69°  54'  W.,  in  77  fathoms.  The  trawls  were  allowed  to  remain 
out  2^  hours,  and  when  hauled  61  tilefish,  1  dogfish,  12  skate,  and  3  eels  were  taken. 
At  10  a.  m.  ou  the  same  day  the  lines  were  set  some  8  miles  to  the  eastward,  and, 
after  3  hours,  59  tilefish,  100  dogfish,  and  2  skate  were  captured.  At  3  p.  m.  3  tubs 
of  trawl  were  set  about  5  miles  farther  to  the  eastward,  in  72  fathoms-  of  water,  and 
remained  out  for  2i  hours.  While  this  set  was  being  drawn  into  the  dory  unfortu- 
nately the  line  parted,  and  presumably  half  the  fish  were  lost.  It  was  dark  and  the 
outer  buoy  could  not  be  located.  The  fragment  of  line  contained  38  tilefish,  and 
nearly  every  hook  not  occupied  by  a  tilefish  had  caught  a  dogfish;  iudeed,  the  great 
number  and  weight  of  the  dogfish  accounted  for  the  parting  and  loss  of  the  line. 

On  the  morning  of  September  30  a  trawl  was  set  in  76  fathoms,  latitude  40°  03'  N., 
longitude  69°  16'  W.  It  was  out  3  honrs,  and  when  drawn  into  the  dory  19  tilefish, 
2  skate,  and  4  hake  were  taken.  At  this  time  only  IJ  tubs  of  trawl  were  used,  about 
550  hooks.  Still  farther  to  the  east,  at  station  12,  only  14  tilefish  were  taken,  and,  at 
the  easternmost  station,  40°  05'  N.,  69°  06'  W.,  only  12  tilefish  were  caught,  li  tubs 
of  trawl  line  being  used. 

It  would  appear  from  these  figures  that  Captain  Hahn  had  found  the  eastern 
boundary  of  the  tilefish  "bank,"  near  the  sixty  ninth  meridian,  although  even  at  his 
last  trial  several  large  fish  were  taken. 

This  was  the  last  excursion  for  tilefish  made  in  1898,  and  it  may  be  safe  to 
conclude  that,  inasmuch  as  on  every  occasion  that  the  trawl  was  set  in  water  of 
appropriate  depth  the  tilefish  were  found,  their  area  of  distribution  probably  extends 
from  69°  to  73°  west  longitude,  and  along  a  band  of  the  sea  bottom  of  varying  width, 
and  from  70  to  80  fathoms  in  depth,  although  no  tests  were  made  in  deeper  water. 

A  tabulated  statement  of  the  localities  which  were  examined  follows: 


Bate. 


Trip  1 : 

Aug. 
Trip  2: 

Aug. 

Aug. 

Aug. 

Sept. 

.Sept. 

Sept. 
Trip  3 : 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 


13,1898... 

31,1898... 
31,1898... 
31,1898... 

1.1898... 

1,1898... 

1,1898... 

29, ]898... 
29,1898... 

29,  1898... 
3U,  1898... 
30,1898... 

30,  1898... 
1,1898... 


Station 
No. 


Deptli. 


Fms. 

75 


Lat.  N. 


40  11  CO 

40  08  00 

40  12  00 

40  11  15 

40  ]4  15 

40  15  30 

40  IG  00 


Long.  W. 


77   !  40  01  00 

71  i  40  04  00 

72  I  40  04  00 
76  I  40  03  00 
70  I  40  04  30 
75  '  40  115  30 
60  I  40  10  00 


71  48  00 

71  12  45 

71  05  00 

71  03  45 

71  00  15 

70  55  45 

70  54  30 

69  54  30 

69  45  30 

69  89  00 

69  16  00 

09  11  00 

69  06  00 

69  50  00 


No.  of 
tilefish. 


Weight. 


Lbs. 


350? 

74 

80  2 

825.' 

138 

658 
825 
422 
214 
96 
120 


;o 
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^leasureineuts  of  weight  and  length  of  fish  caught  daring  the  excursions  of  1898 
are  recorded  here,  since  they  may  form  a  basis  for  estimating  the  rate  of  growth 
during  succeeding  years : 

IVdt/ht  (Old  leiKjih  of  tilcjhh  laleh  hi  1S9S. 


Date. 


Aug. 

Autt. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Au 

Aug. 

Aug, 

Aug 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug 

Aug. 

Aug, 

Aug, 

Aug, 

Aug, 

Aug, 

Aug 

Aug, 

Aug 

Aug, 

Aug 

Aug 

Aug 

Aui 

Aug 

Aug 

Aug 

Aug 

Aug 

Aug 


SU- 
tion 
No. 


Fish 

No. 


Length. 


Inches. 


12.75 

13 

13.25 

13.75 

14 

14 

15.75 

17 

17 

17. 25 

17.25 

17.50 

17.50 

17.50 

17.  50 

18 

18 

18 

18 

18 

18 

18 

18 

18.25 

22.  50 
23 

23 
23 
23 
23 
23 

23.  25 
23.  50 
23.50 
24 

24 

24 

25 

25 

26 

26 

26 

26 

28 

28 

29 

33 

34 

34 

34 

34 

34 

34.50 

34.50 

13.50 

15 

16 

17.50 

18 

18.50 

19 

19 

19 

19.50 

19.50 


"Weight. 


Pounds 


1.50 
1.50 
1.75 
1.75 
1.75 
1.  5U 
1.75 
1.50 


1.75 
1.50 
1.75 


4.75 

5 

5 

5 

4.50 

4.50 

5 

4.75 

5 

5.50 

5.50 

7.50 

7 


7.50 
7 
8 
9.  50 

10 

19 

21.50 

20 

19.50 

19.50 

19 

18 

22 

20 
.50 
.50 
..50 
1.75 
1.50 
1.75 
2 

1.375 
1.75 
1.75 
1.25 


Date. 


Aug.  31. 
Aug.  31. 
Aug.  31. 
Aug.  31. 
Aug.  31. 
Aug.  31. 
Aug.  31. 
Aug.  31. 
Sept.  1. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept.  1. 
Sept.  1. 
Sept.  1. 
Sept.    1 . 


Sept 
Sept 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.  1..... 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.    1 

Sept.     1 

Sept.    1 

Sept.     1 

Sept.     1 

Sept.     I 

Sept.     1 

Sept.     1 

Sept.    1 

Sept.     ] 

Sept.     1 

Sept.     1 

Sept.    1 

Sept.    1 


Sta. 
tion 
No. 

Fish 
No. 

Length. 

Weight. 

Inches. 

Potmds. 

4 

12 

22.  50 

3.75 

4 

13 

23. 50 

5 

4 

14 

24 

4.50 

4 

15 

24.50 

6 

4 

16 

25.50 

5.50 

4 

17 

29 

10.50 

4 

18 

31 

12 

4 

19 

33 

14 

5 

1 

13 

.50 

5 

2 

13 

.50 

5 

3 

13.50 

.50 

5 

4 

13.50 

.50 

5 

5 

13.50 

.50 

5 

6 

13.75 

.50 

5 

7 

13.75 

.50 

5 

8 

14 

.50 

5 

9 

14 

.50 

5 

10 

14 

.50 

5 

11 

14 

.50 

5 

12 

14 

.50 

5 

13 

14.50 

.75 

5 

14 

17.25 

1.75 

5 

15 

17.50 

1.75 

5 

16 

17.50 

1.75 

5 

17 

17.75 

1.375 

5 

18 

18 

1.75 

5 

19 

18.  75 

2 

5 

20 

20.75 

3.50 

5 

21 

23.75 

5.50 

5 

22 

29 

11.50 

5 

23 

29.50 

12 

5 

24 

33.  50 

20 

6 

1 

17 

1.50 

6 

2 

18 

1.75 

6 

3 

18 

1.75 

C 

4 

18.25 

o 

6 

5 

18.75 

2 

6 

6 

19 

2 

0 

/ 

20.75 

3 

0 

8 

21 

2.50 

6 

y 

22.75 

5 

6 

10 

22.75 

5 

G 

11 

23.25 

5.50 

0 

12 

23.50 

6.  50 

C 

13 

23.50 

4.75 

6 

14 

24 

5.  .50 

6 

15 

24 

6 

o 

16 

24.50 

5.50 

6 

17 

24.  75 

G.  50 

G 

18 

25 

8 

6 

19 

25 

6.25 

6 

20 

25 

7 

6 

21 

26 

8 

6 

22 

20 

8 

6 

23 

26. 50 

6.50 

6 

24 

26.50 

8 

6 

25 

26.50 

9 

G 

26 

26.50 

9 

G 

27 

28 

10 

6 

28 

28.75 

10.50 

6 

29 

29 

11 

6 

30 

29 

11 

6 

:il 

29.25 

11 

6 

32 

29.75 

12 

G 

33 

33 

6 

G 

34 

33 

20 

6 

33 

34 

22.50 

6 

36 

34 

22 

6 

37 

34 

21 

6 

38 

34.50 

21 

6 

39 

35 

22 

7 

1 

17 

1.50 

2 

17.50 

1.75 
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Sta- 
tion 


Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sejit. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 


^t    i  I'-gt^^- 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
4C 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59  I 

CO : 

61  I 

1 ! 

2 
3 
4 


Inches. 
22 

22.  50 
24 
24 

24.50 
24.50 
25 
25 
28 

28.  50 
31. 50 
33 

33. 50 
13 
13 
13 
14 
]4 
17 
17 
17 
17 
18 
20 
21 
22 
23 
24 
24 
24 
25 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 


Weight. 


Pounds. 

4.75 

4.50 

6 

5 

6.50 

7 

7.50 

6 

9.75 
10.50 
15 
19 
20 

1 

1 

1 

9 

1 
24 

2 

2 

2 

2 

9 

3 

5 

1 
27 
10 

8 

7 
10 

8 
10 

9 
11 


Date. 


Sept.  29 
Sept.  29 
Sept.  29 
Sept.  2!t 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29, 
Sept.  29 
Sept.  29. 
Sept.  29, 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
.Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 
Sept.  29. 


Sta- 
tion 
No. 


Fish 
No. 


Length. 

"Weight. 

Indies. 

Pounds. 

26 

9 

26 

11 

•J6 

10 

26 

9 

26 

9 

27 

10 

27 

11 

27 

10 

27 

10 

27 

9 

27 

9 

27 

12 

27 

9 

27 

11 

•'7 

11 

27 

10 

27 

9 

28 

11 

28 

12 

28 

10 

28 

10 

29 

9 

29 

10 

29 

9 

29 

10 

30 

12 

30 

9 

30 

12 

30 

10 

30 

12 

30 

11 

30 

10 

30 

11 

31 

10 

31 

23 

31 

11 

33 

20 

33 

20 

33 

22 

35 

21 

35 

22 

36 

21 

36 

23 

36 

24 

36 

27 

36 

22 

36 

26 

38 

24 

38 

27 

39  , 

29 

40 

26 

15 

1 

16 

1 

19 

3 

20  1 

2 

21 

8 

23 

6 

23 

.  6 

24 

10 

2^ 

10 

25 

8 

26 

9 

26 

11 

27 

9 

27 

9 

27 

10 

27 

10 

27 

9 

27 

10 

27 

10 

27 

11 

27 

9 

27 

10 

28 

10 

28 

11 

28 

11  1 

29 

11 

29 

12 

29 

13 

30 

14 

30 

14 

31 

15 
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WeUjht  and  Icnijth  of  tilejish  taken  in  1S9S — Continued. 


Date. 


Sept.  29 
Seut.  29 
.Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  29 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30. 
Sept.  30 
Seiit.  30 
Sept.  30. 
Sept.  30. 
Sei)t.  30. 
Sept.  30. 
Sept.  30 
Sept.  30. 
Sept.  30. 
Sept.  30 . 
Sept.  30. 


Sta- 
tion 
No. 


Fish 
No. 


Leiigtli.  1  "Weight. 


Inches. 
31 
33 
33 
34 
34 
35 
36 
16 
18 
24 
24 
27 
27 
27 
27 
27 
27 
27 
27 
27 
28 
29 
30 
36 
36 
36 


Pounds. 
16 
16 
19 

19 

24 

22 

23 

2 

2 

12 

6 

10 

11 

9 

9 

8 

9 

10 

12 

11 

10 

n 

13 
26 
19 
24 


Date. 


Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30 
Sept.  30, 
Sept.  30. 
Sept.  30, 
Sept.  30. 
Sept.  30 . 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 
Sept.  30. 


Sta- 
tion 
No. 


Fish 
No. 


Length. 


Inches. 
15 
18 
18 
18 
18 
21 
25 
26 
26 
27 
28 
28 
29 
30 
13 
14 
16 
18 
27 
27 
29 
29 
30 
30 
30 
86 


Weight. 


Pounds. 
2 

2 
2 
2 
2 
5 
7 

12 

9 

9 

10 

10 

11 

13 

1 

1 

2 

2 

10 

11 

12 

13 

13 

13 

15 

27 


Following  are  abstracts  of  some  recent  letters  concerning  the  food  qualities  of 
the  tilefish : 

[From  ^Ir.  H.  R.  Storer,  Providence,  R,  I.] 

The  tilefiHh  was  boiled  for  dinner,  and  what  was  left  therefrom  warmed  with  cream  for  breakfast 
the  next  morning.  Both  dishes  proved  delicious,  even  more  so  than  cod,  which  is  my  favorite.  I 
sent  a  portion  of  the  tish  to  my  neighbor,  Mr.  Benj.  R.  Smith,  and  his  family  gave  an  equally 
satisfactory  report. 

[From  Mr.  W.  P.  Titcomb,  Washington,  D.  C] 

Regarding  the  sample  of  the  tilertsh  with  which  you  favored  me  last  week,  I  have  to  say  that  I 
rate  it  as  e(|nal  in  texture  and  flavor  to  any  salt-water  fish,  except  the  mackerel,  which  of  course 
will  not  bear  transportation  and  retain  its  flavor  as  the  tilefish  evidently  does.  Although  very  fond 
<»f  halibut,  and  rating  it  very  highly,  I  am  inclined  to  think  from  this,  the  only  sample  of  tilefish 
which  I  have  tasted,  that  I  should  regard  it  as  equally  desirable. 

[From  Mr.  Luoian  D.  Sharpe.  II,  Providence,  R.  I.] 

I  wish  to  acknowledge  the  fine  tilefish  yon  were  kind  enough  to  send  us.  We  enjoyed  it  very 
imicli.  ;ind  tlie  flesh  was  quite  fine  and  sweet,  though  with  not  as  much  flavor  as  some  iish  have. 

[From  Mr.  Nathan  Babcock,  Westerly,  R.  I-l 

Ihrougli  the  kindness  of  Mr.  J.  A.  Ripple  I  had  a  sample  of  the  "tile,"  the  rediscovered  lisli.  I 
think  it  is  an  excellent  fish.  It  far  surpasses  the  cod.  It  is  delicate  in  flavor,  and  in  all  resi)ects  very 
palatable.     It  will  find  favor  with  those  who  enjoy  good  fish. 


[From  Mr.  J.  M.  K.  South  wick,  Newport,  R.  I.] 

I  promised  you  a  report  on  the  tilefish.  Briggs  thinks  it  rather  dry  and  tasteless.  H.  Christian 
thought  it  very  good.  Charles  Clark  baked  his  and  liked  it  very  mudi.  J.  I.  Wright  boiled  his  and 
says  it  was  excellent;  knew  no  fish  he  liked  better;  thought  it  very  good,  better  than  cod.  Edw. 
Uilley  thought  it  very  nice.  Capt.  J.  V.  Cotton  says  it  was  between  a  cod  and  a  halibut.  The  writer 
boiled  his  and  remarked  the  same  lack  of  taste  noted  by  Briggs,  but  juicy,  not  dry.  I  consider  it  a 
very  valuable  edible  fish. 
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IFniin  Mr.  John  F.  Calk  ins,  rrovidonce,  K.I.] 

Tilefish  is  good.  Boiled,  first  class;  broiled,  fair;  made  into  a  salad,  excellent.  I  think  that 
with  proper  preparation  it  would  be  good  baked.  Of  course,  like  all  fish,  the  fresher  the  better.  I 
see  no  reason  wbj-  it  should  not  become  a  valuable  addition  to  our  list  of  food-fishes.  It  should  not 
be  boiled  one  moment  beyond  the  point  of  "done."     1  noted  plenty  of  gelatine  in  it. 

[From  Messrs.  Johnson  &.  Smith,  Boston,  Ma.s.s.] 

Yours  in  regard  to  the  tilefish  received,  asking  our  opinion  of  it.  We  found  it  to  be  a  good  fish 
for  eating,  having  a  tine  flavor,  resembling  that  of  our  striped  bass  or  what  they  call  in  Washington 
rockhsh.  It  has  also  lasting  qualities,  remaining  in  good  condition  for  several  days,  which  is  greatly 
in  its  favor.     We  hope  that  we  may  soon  have  more  of  it. 


[From  Hon.  Eugene  G.  Blackford.  Ni-w  York,  N.  Y.] 


In  reply  to  your  favor  of  the  20th,  permit  nie  to  say  that  I  consider  the  tile  an  excellent  table 
fish.  The  flesh  is  somewhat  coarse,  but  very  sweet,  and  I  should  say  that  it  more  nearly  resembles 
the  blackfish  or  tautog  than  any  other  fish  I  can  recall.  I  should  recommend  to  those  testing  its  edible 
qualities  to  have  it  baked  and  served  with  a  brown  sauce. 

Out  of  the  fish  that  you  sent  as  an  experiment  to  this  market  I  selected  some  for  a  dinner  at  the 
Union  Club  of  this  city — the  most  prominent  of  all  our  clubs.  The  fish  was  served  to  about  twenty- 
five  gentlemen,  nearly  all  of  whom  might  be  considered  gastronomical  experts,  and  they  Avere  all 
delighted  with  it.  I  may  say  parenthetically  that  the  fish  were  at  least  a  week  old  when  they  were 
served,  so  that  I  question  whether  the  best  possible  results  were  obtained  from  the  test  of  their 
edible  qualities. 
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Contributions  from  the  Biological  Laboratory  of  the  U.  S.  Fish  Commission, 
Woods  Hole  Massachusetts. 


ON  THE  MOVEMENTS  OF  CERTAIN  LOBSTERS  LIBERATED  AT  WOODS 
HOLE  DURING  THE  SUMMER  OF  1898. 


By  HERMOX  C.  BUMPUS, 
Director  of  Biological  Laboratory  of  the  U.  S.  Fish  Commission  at  Woods  Hole. 


For  several  years,  during  the  spring  and  early  summer,  a  large  number  of  egg- 
bearing  lobsters  have  been  collected  from  the  shores  of  Connecticut.  Rhode  Island, 
and  southern  Massachusetts  and  brought  to  the  hatchery  at  Woods  Hole,  where  the 
eggs  have  been  removed  and  the  "stripped"  animals  returned  to  the  ocean,  either  at 
Woods  Hole  or,  in  special  cases,  near  the  place  of  capture.  The  lobsters  were  of  good 
size,  generally  exceeding  lOi  inches  in  length,  although  some  were  smaller,  especially 
those  from  the  shores  of  Rhode  Island,  where  the  marketable  length  is  only  9i  inches. 

It  occurred  to  the  writer  that  data  respecting  the  movements  and  habits  of  female 
lobsters  at  the  close  of  the  breeding  season  might  be  secured  if  the  animals  should  be 
tagged  before  liberation,  and  accordingly  copper  tags,  bearing  consecutive  numbers  and 
the  recjuest  that  they  be  returned  to  the  Commission,  were  attached  to  the  rostrums 
of  about  500  specimens,  and  these  animals  were  liberated  during  June  and  July,  1898, 
On  the  17th  of  June  31  lobsters,  numbered  582  to  615  inclusive,  were  "  stripped,"'  tagged, 
and  liberated  in  Vineyard  Sound,  near  Lackey  Bay.  Six  of  these  were  subsequently 
captured  by  lobster  fishermen  and  the  tags  were  returned  to  the  Commission. 

This  group  of  lobsters  yielded  data  as  follows : 


No. 

Liberated. 

Recaptured 

No.  of 
days  free. 

Distance 
(miles). 

Direction. 

Locality. 

Date. 

Locality. 

Date. 

594 
595 
60i 

Lacfeey  Bay 

do 

do 

do 

do 

do 

June  17 
...do... 
do  ... 

MenetDsha 

Vineyard  Sound 

(?) 
July  11 
June  17 
July     5 
July  11 

(0 

(?) 
24 
1 
18 
24 
(?) 

9 

0 
0 
0 
0 

SSW. 
0         ' 
0 

II 
0 

ssw. 

606 

do.. 

do 

609 

do 

611 

....do... 

Menem.sha 

The  four  recaptured  near  the  place  of  liberation  were  taken  by  Mr.  Alfred  Nick- 
erson,  whose  traps  are  near  the  scfutherly  opening  of  Woods  Hole,  extending  from 
i^obsque  to  Lackey  Bay.  The  distance  traveled  by  these  lobsters  can,  therefore, 
only  be  estimated,  although  the  most  remote  traps  were  probably  not  more  than  a 
mile  or  two  from  the  point  of  liberation.  One  was  captured  on  the  day  of  its  liberation. 
Mr.  Hillman,  whose  traps  were  located  near  Gayhead,  returned  tags  591  and  Gil 
to  the  Commission,  but  unfortunately  he  did  not  return  dates  with  his  tags,  so  that 
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the  rate  of  travel  of  these  and  other  lobsters  takeu  by  him  can  not  be  given.  Jt  will 
be  noted  that  the  general  conrse  of  the  lobsters  is  toward  the  sontli  and  west. 

Oil  the  ISth  of  Jnne  04  lobsters  were  tagged  and  placed  on  the  steamer  that  runs 
from  Woods  Hole  to  New  Bedford.  The  writer  deposited  33  of  these  in  Bnzzards  Bay, 
near  the  westerly  opening  of  Woods  Hole;  17  when  the  steamer  was  abont  midway 
between  Woods  Hole  and  New  Bedford;  33  at  a  point  sonth  of  West  Island,  and  11  as 
the  steamer  passed  Black  Rock.  For  convenience  these  stations  have  been  named  A, 
B,  C,  and  D,  respectively,  and  are  so  indicated  on  the  chart  at  the  end  of  this  paper. 
Along  this  conrse  of  the  steamer  there  is  an  almost  continuous  series  of  lobster  pots 
extending  entirely  across  the  bay,  many  of  them  owned  by  Greeks  and  Portuguese, 
who  are  somewhat  disinclined  to  return  the  tags,  preferring  to  keep  tliem  as  charms. 
It  is  perfectly  safe,  therefore,  .to  conclude  that  only  a  small  proportion  of  the  tags 
taken  are  tinally  returned  to  the  Commission. 

From  station  A,  4  tags  were  recovered;  from  station  B,  none;  from  station  C,  4, 
and  from  station  D,  2.    The  details  are  as  follows : 


- 
No. 

Liberated. 

Recaptured. 

No.  of 
days  free. 

Distance 
(miles). 

Direction. 

Locality. 

Date. 

Locality. 

Date. 

618 
628 
629 
645 
650 
654 
667 
681 
699 
705 

Station  A 

do 

June  18 
....do  ... 

Near  Hen  and  Chickens.. 

July  15 
July   30 
Jul'v     9 
July     2 
July     1 
June  29 
July     7 
June  30 
July     9 
June  30 

27 
42 

16 

1? 

WSW. 
WSW. 

do 

....do  ... 

Near  West  Island 

do 

21                  4        1     WNW. 

14        1          4        i     WNW.. 
13        i          9        :        SW. 

11  4        1          E. 
19        1          6        1        SW. 
12-                  0        10 
21                  0                   0 

12  0        ,           (] 

do 

....do  ... 

..   .do 

Cuttvhunk 

..  do 

. . .  .do  . . . 

do 

....do  ... 

do         . .     . . 

do  . 

Station  D 

do  . 

do 

do  .. 

do 

j 

None  of  the  lobsters  distributed  on  June  18  took  a  northerly  course,  and  although 
three  were  taken  at  points  roughly  described  as  east  of  their  place  of  liberation,  four 
traveled  toward  the  mouth  of  the  bay,  all  of  them  considerable  distances,  and  No.  018 
made  a  journey  of  10  miles  between  June  18  and  July  15,  twenty-seven  days.  This 
is  the  longest  distance  traveled  by  any  of  the  lobsters.  Those  liberated  at  stations  B, 
C,  and  D  were  taken  originally  at  Outtyhunk.  The  fact  that  two  of  these,  Nos.  G50 
and  067,  returned  to  their  former  place  of  capture  may  indicate  a  strong  homing  instinct. 

On  the  24th  of  June  02  lobsters,  originally  from  Noank,  Stonington,  and  Block 
Island,  were  liberated  at  Quicks  Hole  at  a  jjoint  indicated  on  the  chart.  The  tags 
of  eight  of  these  were  returned  to  the  Commission.     The  details  are  as  follows: 


No. 


711 
714 
715 
730 
743 
747 
756 
759 


Liberated. 


Locality. 


Quicks  Hole 

do 

do 

do 

....  do 

do 

do 

do 


Date. 


Jnne  24 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
...do... 


Ilocaptured. 
Locality.  |    Date. 

Quicks  Hole   J"l.v     5 

do J uno  28 

Meneiii.slia I        (?) 

Robinsons  Hole  Juno  30 

Quicks  Hole    July     8 

Meiiemslia (?) 

Cuttyliuuk ».   July  19 

Robinsons  Hole \  July     5 


No.  of     Distance 

days  free.!   (miles). 


11 

4 
(?) 

6 

(?) 
25 
11, 


0 
0 

2 


0 

0 

SSE. 

E. 


SK. 

WSW. 

E. 


Of  the  animals  liberated  on  June  24,  it  might  be  said  that  their  course  was  not  so 
characteristically  toward  the  south  as  were  the  courses  taken  from  some  of  the  other 
stations,  but  the  three  which  had  traveled  a  snOicient  distance  from  the  point  of 
liberation  to  give  a  distinct  trend  to  their  conrse  did  move  in  the  same  direction  as 
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those  of  other  stations.  As  the  lobster  pots  are  not  set  in  large  numbers  oft'  shore, 
lobsters  liberated  at  Quicks  Hole  naturally  wouhl  not  stand  the  same  chance  of 
recapture  toward  the  south  and  west  that  they  would  toward  the  north  and  east,  and 
therefore  it  would  seem  to  be  of  more  than  passing  interest  that  from  this  southern 
point  of  distribution  no  lobsters  were  found  to  migrate  to  any  considerable  distance 
either  up  the  sound  toward  Woods  Hole  or  across  the  bay  toward  New  Bedford. 

A  second  lot,  of  140  lobsters,  was  liberated  oft'  ISTobsque  on  the  same  day  as  those 
liberated  at  Quicks  Hole.  These  were  quite  at  liberty  to  migrate  iu  a  northeasterly 
direction,  but  all  reports  of  their  capture  came  from  the  southwest.  That  so  many  of 
these  and  other  lobsters  took  a  southwesterly  course  would  seem  to  prove  that  there 
is  in  general  a  decidedly  southerly  and  westerly  trend  to  their  migrations,  although  I 
am  not  prepared  to  say  whether  this  is  in  response  to  a  strong  homing  impulse,  or  an 
effort  to  pass  from  warmer  into  colder  water,  or  from  shallow  into  deeper  water.  The 
proportion  of  animals  captured  to  those  liberated  is  noteworthy.  Of  140  liberated  at 
ifobsque,  tags  were  received  from  29.     The  details  are  as  follows : 


No. 


779 
789 
791 
798 
800 
802 
807 
819 
821 
825 
828 
830 
831 
834 
838 
848 
851 
808 
869 
872 
879 
883 
889 
891 
896 
901 
902 
901 
907 


Liberated. 


Locality. 


Nobsque. 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  --- 

do  ... 

do  ... 

do  --- 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 


Date. 


June  24 
....do  ... 
....do  ... 
....do  ... 
....do  ... 
....do  ... 

...do  ... 
....do  ... 

...do  ... 

...do  ... 

...do  ... 
....do  ... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 
....do  ... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 
...do  ... 
....do  ... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 

...do  ... 


EecaBtured. 


Locality. 


Woods  Hole 

Nobsque 

do 

Cedar  Tree  Neck. 

Woods  Hole 

Tarpaulin  Cove  . . 
Vineyard  Sound  . 

Woods  Role 

Tarpaulin  Cove.. 

Menemslia 

Nobsque 

Tarpaulin  Cove . . 
Vineyard  Sound  . 

Menemsba 

Neshewena 

Gay  Head 

Vineyard  Haven . 

Quicks  Hole 

Tarpaulin  Cove.. 
Vineyard  Haven . 

Nobsque 

Kobinson  Hole... 

Quicks  Hole 

Nobsque 

Vineyard  Sound  . 

Menemsba 

Nobsque 

Menemsba 

do 


Date. 


No.  of      Distance 
days  free,    (miles). 


July 
July 
July 
Sept. 
July 
July 
Aug. 
Aug. 
July     18- 

July  ■ 
July     18- 
do  ... 


July 
Aug. 
July 
do  ... 

July     18- 
....(lo... 


July 
July 


Julv 


0 
4 

jr 

0 

4 

4 
!»' 
12 
13 

4 
11 


Direction. 


0 
0 
0 
SSW. 
0 

wsw. 

SE. 

0 

WSW. 

SSW. 

0 

wsw. 
wsw. 

SSW. 

wsw. 
sw. 

SE. 

wsw. 
wsw. 
wsw. 

0 

wsw. 
wsw. 

0 

wsw. 

SSW. 

0 
SSW. 
SSW. 


On  the  25th  of  June  58  lobsters  were  liberated  near  the  can  buoy  at  the  entrance 
of  Woods  Hole  Harbor.  Of  these,  only  three  were  recaptured.  Ko.  928  remained  in 
the  neighborhood  until  September  15,  when  it  was  captured  near  the  Wepeckets.  Tlie 
capture  of  this  and  other  specimens  would  go  to  show  that  molting  does  not  always 
take  place  immediately  after  the  eggs  have  reached  maturity,  for,  if  the  animals  had 
molted,  the  tags  would  have  been  lost. 


No. 

Liberated. 

Eecaptured. 

No.  of 
days  free. 

?iter^--*-'- 

Locality. 

Date. 

Locality. 

Date. 

928 
945 

900 

June  25 
....do  ... 

Sept.  15 
Julv  23 
do  ... 

82 
28 
28 

3            WNW. 
0                  0 
9             WSW. 

do           

Woods  Hole 

do 

. .  do . . . 

Quicks  Hole 
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On  July  2  two  lots  of  lobsters  were  liberated,  60  at  Lackey  Bay  and  49  at  Woods 
Hole.    Of  the  former,  5  were  recaptured,  as  follows : 


No. 


1020 
1034 
1098 


Liberated. 


Locality. 


980     Lackey  Bay - 
999    do 

do 

do 

do 


Date. 


July  2 
...do  ... 
...do... 

....do... 

....do  ... 


Kecaptured 
Locality. 

Vineyard  Sound 

do 

Quicks  Hole 

^Vepeckets 

Kobiuson  Hole 


Date. 

July 

11 

July 

20 

July 

23 

July 

7 

July 

20 

No.  of 
days  free. 


Distasce 
(miles). 


Direction. 


0 

0 

WSW. 

NW. 

WSW. 


It  will  be  noted  from  the  above  that  the  trend  of  migTatiou  of  all  those  that  had 
traveled  a  considerable  distance  after  liberatioii  was  in  the  same  general  direction  as 
that  taken  by  those  liberated  from  the  stations  mentioned. 

The  lobsters  in  the  second  lot  liberated  on  July  2  were  thrown  into  the  water 
near  the  Fish  Commission  station,  and  not  only  is  the  direction  of  their  course  inter- 
esting, but  the  rate  of  movement  of  certain  individuals  is  far  beyond  one's  expectation. 
The  animals  traveled  down  the  \)a,y  in  a  west  southwesterly  direction  at  a  rate  that 
seemed  to  indicate  their  desire  to  place  as  much  distance  as  possible  between  them- 
selves and  tlie  hatchery.  No.  1000  made  the  journey  from  Woods  Hole  to  Cuttyhunk 
in  3  days,  Xo.  1022  reached  the  neighborhood  of  the  Hen  and  Chickens  lightship  in  6 
days,  and  No.  1014  reached  an  equally  remote  point  in  7  days.  The  following  table 
will  give  additional  data  relative  to  the  movements  of  this  last  series : 


No. 


Liberated. 


Recaptured. 


970 
971 
977 
991 
1000 
1006 
1009 
1010 
1013 
1014 
1019 
1022 
1030 
1054 
1055 


Locality. 


F.  C.  Station . 

do 

do 

do 

do 

do 

d.) 

do 

do 

do 

do 

do 

do 

do 

do 


Date. 


Locality. 


July 


2     Cuttyhunk 

(io 

do 

. . .    Woods  Hole 

. . .    Cuttyhunk 

. ..    Weperkets 

. ..    Woods  Hole 

. . .    Cuttyhunk 

...|  Woods  Hole 

. ..    Hen  and  Chickens. 

. . .  ]  Wepeckets 

. . .    Hen  and  Chickens. 

. . .    Wepeckets 

do 

. . . '  Penikese 


Date. 


July  16 
July  13 
July  16 
July  7 
July  5 
Sept.  15 
July  11 
July  13 
July  7 
July  9 
Sept.  15 
July  8 
Sept.  15 

do  ... 

July  26 


No.  of 
days  free. 


Di.stance  : 
(miles). 


Direction. 


14  WSW 

14  I      WSW 

15  I      WSW 
0         

J2  WSW 

3  i      WSW 

0         

12  WSW 

0  

15  WSW 

3  W. 
15  WSW 

4  WSW 
3  W. 

n  WSW, 


Attention  has  already  been  called  to  the  strong  migratory  impulse  which  controlled 
the  movements  of  the  animals  set  at  liberty,  and  it  must  be  left  for  subsequent  obser- 
vations to  determine  the  reason  therefor.  During  the  latter  part  of  June  and  the 
early  part  of  July  tlie  water  near  Woods  Hole  ranges  in  temperature  from  62°  to 
09^  F.,  and  as  the  water  in  this  portion  of  the  bay  and  sound  is  received  from  the 
presumably  cooler  water  of  the  southwest,  the  inclination  of  the  liberated  animals  to 
seek  cooler  water  may  account  for  the  uniformity  in  their  movements.  But  lobsters 
are  caught  about  the  station  during  the  entire  summer,  and  the  uniformly  small  size 
of  the.se  animals  would  indicate  that  they  remain  in  the  locality  during  the  season  and 
are  not  caught  as  they  pass  through  the  sound  on  their  migrations. 

It  has  been  already  suggested  that  the  uniformity  in  the  movements  of  the  tagged 
lobsters  may  be  the  result  of  a  homing  instinct.     This  question  might  be  answered  in 
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the  followiug  way:  If  lobsters  caught  at  Woods  Hole  and  released  at  Gay  Head 
were  recaptured  at  Woods  Hole,  and  if  lobsters  taken  at  the  same  time  at  Gay  Head 
and  released  at  Woods  Hole  were  recaptured  at  Gay  Head,  it  would  seem  that  only  a 
homing  instinct  could  account  for  the  movement. 

It  is  quite  possible  that  during  June  and  July  lobsters  seek  deeper  water,  although 
it  is  generally  believed  that  during  the  spring  and  early  summer  the  general  migration 
is  from  deeper  to  more  shallow  water,  and  that  the  return  to  the  deeper  water  does 
not  occur  until  fall.  During  the  summer  months  lobstersjire  caught  off  the  coast  of 
Maine  in  shallow  water,  ranging  from  3  to  10  fathoms  in  depth,  and  it  is  not  until 
October  and  ]Sovember  that  the  pots  are  set  in  deeper  water,  from  35  to  40  fathoms. 
Professor  Herrick  states  that  the  fishermen  generally  take  their  traps  from  the  deeper 
water  and  place  them  in  the  shallow  water  of  the  sound  at  about  the  time  that  we 
have  found  the  animals  seeking  the  deeper  water.  From  the  neighborhood  of  Gay 
Head  the  general  migration  into  deeper  water  is  said  to  begin  the  latter  part  of  August 
and  to  continue  during  September  and  October.  If  a  relatively  large  number  of  both 
sexes,  and  of  different  sizes,  should  be  captured  at  Cuttyhunk  or  a  place  similarly 
located,  and  after  being  tagged  should  be  returned  to  the  place  of  their  capture, 
valuable  data  of  a  positive  nature  would  undoubtedly  be  secured.  One  wishes  that 
this  might  be  attempted. 

It  is  possible  that  the  movements  are  not  dependent  upon  any  of  the  above- 
mentioned  factors,  but  that  the  supply  of  food  is  all  contiolling.  The  peculiar  behavior 
of  female  lobsters  in  the  vicinity  of  No  Mans  Land,  as  observed  by  Mr.  Vinal  Edwards 
and  recorded  by  Professor  Herrick,  would  seem,  however,  to  make  this  improbable. 

In  writing  of  the  lobster's  powers  of  movement,  Professor  Herrick  says  that  by  the 
flexion  of  its  abdomen  the  animal  is  able  to  shoot  backward  through  the  water  with 
astonishing  rapidity,  sometimes  going,  according  to  one  observer,  25  feet  in  less  than 
a  second.     He  quotes  Travis  as  follows: 

111  tlu'  water  they  can  ruu  nimbly  upon  their  legs  or  small  claws,  and,  if  alarmed,  can  spring  tail 
forward  to  a  surprising  distance,  as  swift  as  a  bird  can  tly.  The  tishermen  see  them  pass  about  30  feet, 
and  by  the  swiftness  of  their  motion  suppose  that  they  go  much  farther.  Athemeus  remarks  this 
circumstance,  and  says  that  incurved  lobsters  will  spring  with  the  activity  of  dolphins. 

While  we  do  not  know  what  method  of  progression  lobster  'No.  1000  adopted  in 
making  her  record  of  12  miles  in  3  days,  we  do  know  from  the  course  taken  by  this 
animal,  as  well  as  by  Nos.  1014  and  1022,  that  associated  with  their  rapidity  of  move- 
ment there  is  remarkable  endurance. 

It  is  generally  believed  that  the  female  lobster  molts  very  soon  after  its  young  have 
escaped  from  the  egg  membranes,  and  although  it  is  manifestly  incorrect  to  consider  a 
lobster  artificially  freed  from  its  eggs  as  one  which  has  completed  the  incubation  period, 
the  fact  that  many  were  recaptured  with  tags  long  after  the  period  at  which  the  young 
would  i)robably  have  hatched  under  normal  conditions,  is  a  proof  that  in  many  cases 
females  do  not  change  their  covering  as  soon  as  they  are  relieved  of  the  obligations  of 
maternity.     One  tag  was  taken  as  late  as  September  21. 

One  of  the  most  interesting  results  from  this  series  of  experiments  is  the  direct 
evidence  of  the  merciless  persecution  of  the  lobster.  The  chances  of  continued  life 
for  a  lobster  that  has  reached  a  marketable  size  are  extremely  slight.  Of  the  140 
liberated  at  Nobsque,  more  than  20  per  cent  are  known  to  have  been  captured  within 
three  months,  and  15  of  the  49  liberated  on  July  2  at  Woods  Hole,  or  fully  30  per 
cent,  were  taken  by  September  15.     Of  course,  these  numbers  do  not  begin  to  show 
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what  actually  occurs,  for  many  flslienuen  are  known  not  to  liave  returned  tlie  tags;  a 
large  number  of  tags  are  doubtless  lost  by  the  process  of  molting,  and  not  a  few  of 

the  animals  perish  from  rough  treatment  received  during 
captivity.  It  should  be  remembered  that  when  first  cap- 
tured the}'  are  thrown  from  the  pot  into  the  boat,  and 
from  the  boat  into  a  car,  where  they  may  remain  several 
days  awaiting  the  arrival  of  a  smack  to  convey  them  to 
Figure  of  tag— exiut  size.  the  statiou.    While  in  the  car  they  suffer  from  their  own 

belligerency,  and  when  thrown  into  the  well  of  the  smack 
and  during  their  journey  to  Woods  Hole  not  a  few  perish.  Moreover,  at  the  station 
they  are  handled  several  times  before  they  are  finally  stripped,  tagged,  recorded,  and 
made  ready  for  their  liberation. 

But  without  attempting  to  make  any  estimate  of  the  number  that  reached  the 
market  without  leaving  a  completed  record,  and  confining  ourselves  to  the  data  derived 
from  those  that  were  recaptured,  we  find  that  of  a  total  of  479  lobsters  liberated,  76 
very  soon  found  their  way  to  maiket.  It  is  therefore  evident  that,  unless  the  supply 
of  any  one  locality  is  replenished,  either  by  immigration  or  by  artificial  ^propagation, 
the  lobster  will  be  exterminated;  indeed  elimination  has  actually  occurred  at  certain 
localities,  and  there  is  every  indication  that  before  long  an  industry  which  has  yielded 
many  millions  of  dollars  will  have  perished  through  the  inexcusable  abuses  of  our 
fishing  privileges. 

Brown  Univeesity, 

Providence,  Rhode  Island. 
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IMPROVEMENTS  IN  PREPARING  FISH  FOR  SHIPMENT. 


By  RALPH  W.  TOWER, 

Assistant  Professor  of  Cheviical  Physiology,  Brozvn  University. 


It  is  well  known  that  ice,  as  ordinarily  used  in  packing,  is  more  or  less  unsatis- 
factory. It  spoils  the  freshness,  flavor,  and  firmness  of  the  fish ;  but,  moreover  the 
moisture  of  the  melting  ice  favors  the  development  of  putrefactive  bacteria  and  thus 
hastens  decay,  which  is  only  the  result  of  the  activity  of  certain  putrefactive  bacteria. 
If  the  fish  are  so  handled  that  the  activity  of  the  bacteria  is  restricted,  the  process  of 
decay  will  be  retarded;  but  if  the  fish  are  handled  so  as  to  encourage  the  ravages  of 
the  bacteria,  the  process  of  decay  will  progress  much  more  rapidly.  The  pressiuo-  of 
fish  by  close  packing  softens  the  muscles  and  renders  the  flesh  more  susceptible  to 
invasion  by  putrefactive  bacteria.  Packing  fish  in  foul  barrels  and  unclean  boxes 
the  contamination  from  which  is  conveyed  to  the  fish  by  the  melting  ice,  also  contributes 
to  their  speedy  decay. 

The  following  investigations,  which  were  carried  on  at  the  biological  laboratory  of 
the  United  States  Fish  Commission  at  Woods  Hole,  were  undertaken  for  the  purpose 
of  ascertaining  to  what  degree  fish  are  spoiled  by  carelessness,  filth,  and  bad  packing 
and  to  devise  methods  which  might  mitigate  these  evils. 

The  animals  used  for  the  experiments  were  squeteague,  bonito,  blue-fish,  and  tile- 
fish.  The  fish  from  the  large  trap  owned  by  the  United  States  Fish  Oom mission  and 
located  in  Buzzards  Bay  furnished  an  unlimited  supi^ly  of  material.  During  July  and 
August  S(|ueteague  were  abundant;  their  flesh  is  soft,  very  susceptible  to  invasion  by 
putrefactive  bacteria,  and  difficult  to  preserve  bj'  the  ordinary  methods  of  packing. 
Bonito  were  also  occasionally  taken;  their  flesh  is  firm  and  hard  and  relalatively  easy 
to  preserve. 

The  first  experiments  were  to  determine  the  influence  of  ordinary  summer  tem- 
peratures and  of  the  different  methods  of  killing  and  handling  upon  jmtrefaction ;  48 
S([ueteague  were  hung  up  by  a  wire  passing  through  the  eyes;  24  had  the  intestines 
removed,  after  which  the  fish  were  immediately  drained;  theother  24  were  not  opened. 
The  experiment  was  made  in  a  place  jjrotected  from  the  sun,  but  to  which  the  air  had 
free  access.  The  weather  was  humid  and  foggy,  the  temperature  being  (j8^  at  8  a.  m., 
72°  at  noon,  and  71°  at  5  p.  m.  After  24  hours  the  fish  were  examined.  Those  that 
had  not  been  opened  were  putrid  and  emitted  an  almost  unbearable  odor.     Those  whose 
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intestines  Imd  been  removed  were  in  better  condition,  and  might  even  liave  been 
nsed  for  food.  The  abdominal  cavity  was  mncli  fresher  and  pntrefaction  had  not 
penetrated  so  deeply  into  the  tiesh.  The  experiment  shows  that  when  the  intestines  are 
not  removed  decomposition  takes  i)lace  more  rapidly,  and  that  the  immediate  removal 
of  the  viscera  delays  decomposition.  The  experiment  gives  some  idea  of  the  rates  of 
putrefactive  changes  in  the  two  kinds  of  fish. 

The  next  experiment  was  with  24  squeteague  and  G  bonitos.  After  removing  the 
intestines,  as  above,  the  fish  were  laid  on  their  sides  on  a  plank,  but  not  in  contact 
with  one  another.  The  day  was  humid  and  foggy,  the  temperature  rauging  from  69° 
at  8  a.  m.,  and  72^  at  12  m.,  to  71°  at  o  p.  m.  At  the  end  of  21  hours  the  fish  were 
examined.  The  squeteague  were  badly  decomposed  on  the  side  next  the  wood;  on 
the  other  side  decomposition  had  not  proceeded  so  far,  although  it  had  progressed  to 
a  considerable  extent.  In  the  body-cavity  decomposition  was  evident,  but  it  had  not 
advanced  very  far.  The  bonitos  were  in  much  better  condition,  although  they  emitted 
an  odor  of  putrefaction,  the  side  on  which  they  lay  being  most  affected.  The  walls  of 
the  body-cavity  also  were  in  better  condition  than  those  of  the  squeteague.  The 
experiment  shows  that  the  free  ciiculation  of  air  about  fish  retards  the  process  of  decay. 

After  the  intestines  had  been  removed  from  12  squeteaque  the  fish  were  hung  up 
by  their  tails  and  allowed  to  remain  24  hours.  The  weather  Avas  cloudy,  and  the 
temperatures  were  as  follows:  8  a.  m.,  71°;  12  m.,  74°;  5  p.  m.,  73°.  The  atmospheric 
conditions  were  less  favorable  than  on  the  previous  day,  yet  at  the  end  of  24  hours  the 
fish  were  found  to  be  in  much  better  condition  than  in  any  of  the  preceeding  experi- 
ments. There  was  a  decided  odor  of  putrefaction  from  the  outside  of  the  fish,  but  the 
abdominal  cavity  and  the  muscles  showed  only  slight  evidences  of  decomposition. 
The  fish  were  in  as  good  condition  as  many  fish  found  in  our  markets  and  generally 
sold  as  "fresh."  The  experiments  thus  far  made  show  that  early  cleaning,  free  circu- 
lation of  air,  and  thorough  draining  retard  putrefaction. 

Twenty-tour  living  squeteague  were  decapitated,  thoroughly  drained,  and  then 
their  intestines  were  removed.  From  another  series  of  equal  number  the  intestines 
only  were  removed.  The  48  fish  were  packed  in  a  box  in  close  contact  with  one 
another.  The  weather  and  temperature  conditions  were  practically  the  same  as  on 
the  preceding  day.  At  the  end  of  24  hours  the  fish  were  very  soft  and  had  a  bad 
odor.  Although  the  24  which  had  been  decapitated  were  in  a  better  state  of  preserva- 
tion than  the  others,  all  were  unfit  for  use.  Those  in  the  top  layer,  where  they  were 
exposed  to  the  air,  were  in  early  stages  of  decomposition.  Those  on  the  bottom,  away 
from  the  air  and  moistened  by  tlic  drip  from  those  above,  were  in  advanced  stages  of 
decomposition.  The  experiment  indicates  the  importance  of  thorough  drainage  of 
the  tiesh  by  early  decapitation.    Tlie  presence  of  blood  hastens  decay. 

In  all  the  above  experiments  the  fish  were  taken  from  the  fish-trap  alive,  and 
were  immediately  prepared  to  meet  the  conditions  of  the  various  experiments.  By  this 
means  no  decomposition  coukl  have  taken  place  before  the  experiments  were  begun. 
The  fish  were  handled  as  carefully  as  practicable,  to  prevent  bruising  or  rupture  of  the 
muscular  tissue.     Cleanliness  was  assured  through  copious  washing  with  sea  water. 

To  recapitulate,  the  experiments  show: 

(a)  That  putrefaction  takes  place  more  rapidly  if  the  viscera  are  not  removed. 

(b)  That  moisture  hastens  the  process  of  decay. 

(c)  That  the  free  access  of  air  retards  putrefaction. 
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{(})  That  drainage  of  the  blood  retards  putrefaction. 

(e)  That  if  the  head  and  intestines  are  removed,  and  if  the  fish  is  suspended  by 
the  tail  so  that  the  blood  is  drained  from  the  entire  body,  the  hsh  will  remain  sweet  for 
a  considerable  time  without  the  use  of  ice. 

In  none  of  the  above  experiments  were  putrefactive  haateria  prevented  from  enter- 
ing the  flesh  or  directly  hindered  in  their  action  after  entrance.  Consequently,  further 
investigations  were  made  to  determine  the  feasibility  of  delaying  bacterial  invasion. 
To  do  this  the  fish  must  be  washed  with  a  solution  which  retards  the  growth  of  bac- 
teria and  is  not  injurious  to  the  food  qualities  of  the  flesh.  Various  solutions  were 
tried,  but  only  one  with  success.  In  all  cases  control  experiments  were  made  on  fish 
taken  at  the  same  time  and  subject  to  the  same  conditions,  the  only  diflerence  being 
that  the  control  fish  were  not  treated  with  the  sterilizing  fluids. 

(1)  The  first  experiment  was  with  a  O.L  per  cent  solution  of  salicylic  acid  in  sea 
water.  24  squeteague,  taken  alive  from  the  nets,  were  carefully  dressed,  washed  with 
this  solution,  packed  in  a  box,  and  allowed  to  remain  for  24  hours.  The  temperature 
ranged  from  73^  to  7(P.  When  examined  the  next  morning  there  was  a  perceptible 
odor  of  putrefaction ;  the  fish  were  soft  and  unfit  for  market.  The  control  fish  were 
not  much  worse.  Similar  experiments  were  subsequently  made  with  the  same  solution, 
but  none  were  successful. 

(2)  The  next  preparation  experimented  with  was  a  10  per  cent  solution  of  potas- 
sium nitrate.  18  squeteague,  cleaned  immediately  after  being  taken  from  the  nets, 
were  decapitated  and  thoroughly  washed  with  this  solution,  and  packed  close  together 
in  a  box.  During  the  next  24  hours  the  weather  was  foggy,  and  the  temperature 
ranged  from  73°  to  74°,  at  the  end  of  which  time  decomposition  had  advanced  to  such 
a  stage  that  the  fish  were  totally  unfit  for  shipment.  There  was  no  appreciable  dif- 
ference between  the  fish  subjected  to  the  potassium  nitrate  and  those  of  the  control 
experiment.  Six  more  trials  were  made  with  this  solution,  but  always  with  the  same 
result. 

(3)  A  5  per  cent  solution  of  formalin  was  next  used,  but,  as  might  have  been  pre- 
dicted, the  fish  did  not  keep,  and  they  were  as  bad  at  the  end  of  24  hours  as  those 
of  the  control. 

(4)  The  next  and  most  successful  experiment  was  made  with  a  3  per  cent  solution 
of  boric  acid  (BoO;;)  in  sea  water.  24  squeteague  were  dressed  immediately  after 
being  caught,  some  decapitated,  and  others  packed  without  removal  of  the  head  and 
gills.  All  were  merely  washed  in  the  above  solution  and  then  closely  packed  in  a 
box.  The  weather  was  foggy  and  cloudy,  the  temperature  ranging  from  74°  to  83°. 
When  examined  24  hours  later  the  fish  were  in  good  condition,  without  odor,  and 
decomposition  had  evidently  not  begun;  the  flesh  was  hard  and  firm,  the  eyes  clear, 
and  in  fact  one  of  the  fish  was  declared  by  a  native  fisherman  to  have  been  taken 
from  the  water  that  very  morning,  and  he  was  not  readily  convinced  that  it  had  been 
kept  without  ice  for  24  hours.  One  of  the  squeteague  was  baked  and  served  on  my 
own  table,  and  was  pronounced  excellent.  It  is  needless  to  say  that  the  control  fish 
were  in  advanced  stages  of  putrefaction  and  wholly  unsuitable  for  food. 

In  these  experiments  with  boric  acid  the  fish  were  in  no  sense  "embalmed," 
injected,  or  even  preserved.  The  walls  of  the  abdominal  cavity,  alter  the  removal  of 
the  viscera,  were  simply  washed  with  a  sponge  that  had  been  dipped  in  the  solution. 
The  success  of  the  experiment  is  of  course  largely  dependent  upon  (a)  the  immediate 
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removal  of  the  viscera  after  the  capture  of  the  fish;  (/>)  the  careful  haudliug  of  the 
tish,both  before  and  after  evisceration;  (c)  the  thoroughness  with  which  the  walls  of 
the  abdomen  are  washed,  and  {d)  the  care  with  which  the  fish  are  packed.  The  use 
of  boric  acid  will  not  prove  satisfactory  if  fish  are  first  thrown  about,  walked  upon, 
carelessly  eviscerated,  washed  in  the  sterilizing  fiuid,  and  then  pitched  into  barrels. 
Those  who  prefer  to  abuse  fish  in  this  way  will  do  well  to  stand  by  the  older  and  more 
expensive  methods — use  ice,  and  complain  of  the  market. 

Mr.  E.  G.  Blackford,  one  of  the  largest  wholesale  dealers  in  New  York,  has  said: 
As  an  example  of  iucrcased  returns  to  the  shippers  from  careful  handling,  I  call  attention  to  the 
fact  that  certain  shipments  of  shad  going  to  the  New  York  market  from  North  Carolina  bring  from 
25  to  40  per  cent  more  than  other  shad  from  the  same  locality.  *  »  *  What  I  wish  to  impress  upon 
the  shippers  and  lishermen  is  that  for  every  dollar  invested  in  labor  and  ice  in  packing  the  lish  they 
will  receive  ten  dollars  in  return. 

Twenty  more  experiments  were  made  with  the  same  solution.  Some  of  the  ani- 
mals were  decapitated  and  others  were  not,  but  the  swim  bladders  and  kidneys  were 
removed  from  all.  If  the  gills  were  thoroughly  washed  in  the  solution  it  was  found 
that  even  fish  with  the  head  attached  kept  as  well  as  those  which  were  decapitated. 
]S'evertheless,  in  fish  treated  with  boric  acid  putrefaction  first  appears  in  the  gills.  A 
bushel  of  squeteague  prepared  in  this  way  was  put  on  the  deck  of  the  U.  S.  Fish 
Commission  schooner  Gramjyus  on  the  morning  of  August  12,  1898,  and  remained 
exposed  to  the  sun  throughout  the  day;  the  next  morning,  when  cut  up  for  bait,  they 
showed  no  sign  of  decomposition.  On  another  trip,  1,000  pounds  of  tile-fish  were 
washed  in  the  solution  and  then  packed  in  ice,  where  they  remained  for  two  weeks; 
when  unpacked  they  were  in  a  perfectly  fresh  condition. 

It  is  evident,  then,  that  this  solution  retards  the  initial  stages  of  i)utrefaction, 
even  at  the  summer  temperatures,  and  for  a  sufficient  time  for  the  fish  to  arrive  at  the 
market,  where  they  may  be  iced  and  kept  indefinitely.  The  solution  of  boric  acid 
thus  used  is  not  a  preservative,  and  it  is  not  intended  as  such,  but,  like  soap,  it  is  an 
ayent  of  cleanliness.  As  the  fish  are  simidy  sponged  over,  the  amount  of  the  fiuid  that 
remains  on  a  single  fish  is  inconsiderable,  and  careful  analysis  fails  to  show  more  than 
the  least  trace  in  the  flesh.  Moreover,  Chittenden  and  Gies  have  shown  that  boric 
acid  given  in  doses,  even  up  to  3  grams  perdaj^,  has  noefi'ectupon  proteid  metabolism 
or  on  the  nutrition  of  the  body;  that  it  is  not  cumulative,  but  is  quickly  eliminated 
from  the  system,  and  that  it  produces  no  renal  complications.  Its  employment, 
therefore,  as  above  recommended  can  have  no  injurious  effect  on  the  consumer. 

In  preventing  the  growth  of  the  micro-organisms  which  cause  putrefaction  we 
also  eliminate  the  cause  of  ptomaine  formation.  Though  some  of  the  ptomaines  are 
exceedingly  poisonous,  this  is  not  characteristic  of  all,  and  it  can  be  safely  stated  that 
the  greater  number  of  those  that  have  been  isolated  are  of  a  nonpoisonous  nature. 
The  kind  of  i)tomaine  formed  depends  on  the  kind  of  micro-organism  which  produces 
it,  the  character  of  the  material  acted  upon,  and  the  circumstances  in  which  putrefac- 
tion takes  place.  As  the  ptomaines  are  only  transition  products,  representing  mere 
temporary  stages  in  the  great  process  of  decomposition  by  which  the  complex  organic 
molecule  is  transformed  into  the  simple  inorganic  state,  it  is  evident  that  the  kind  of 
ptomaine  present  in  putrid  fish  depends  on  the  stage  of  jtutrefaction.  Ptomaines 
formed  when  putrefaction  takes  place  in  free  atmosphere  will  difier  fr  om  those  resulting 
from  putrefaction  where  atmosphere  is  excluded.  Almost  any  illness  caused  from 
infected  food  is  spoken  of  as  being  due  to  "ptomaine  poisoning,"  but  in  the  majority 
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of  cases  the  poisonous  bacterial  products  are  not  basic,  though  tlieir  true  chemical 
structure  is  not  understood. 

It  is  worthy  of  note  in  this  connection  that  poisonous  ptomaines  do  not  begin  to 
appear  until  about  the  seventh  day  of  putrefaction,  and  that  they  finally  disappear  if 
putrefaction  is  allowed  to  go  on  for  a  considerable  time.  The  toxicity  of  the  i)tomaines 
themselves  is  not  affected  by  cooking,  no  matter  how  tliorough  this  may  be.  It  should 
also  be  noted  that  there  are  two  distinct  kinds  of  poisoning  that  may  arise  from  the 
use  of  fish  as  food.  The  first  is  an  intoxication  caused  by  the  devouring  of  meat  which 
has  become  invaded  by  ptomaine-producing  bacteria.  The  second  is  an  intoxication 
brought  about  by  fish  not  necessarily  infected  with  bacteria,  but  in  which  the  poisons 
are  leucomairies -prodnced  by  the  tissues  of  the  fish  and  their  normal  product. 

The  researches  of  Meisener,  Eosenbach,  U.  Hauser,  F.  Jahn,  J.  von  Toder,  and 
others  have  shown  that  the  blood  and  flesh  of  healthy  animals  are  eutirel}^  free  from 
bacteria.  But  the  contents  of  the  digestive  organs  are  rich  in  schizomycetes.  Popoff 
has  shown  that  the  digestive  canal  of  a  healthy  new-born  animal  is,  at  the  moment  of 
birth,  free  from  bacteria.  These,  however,  subsequently  obtain  access,  principally  in 
the  food,  and  the  contents  of  the  bowels  become  extremely  rich  in  microbes. 

If  a  slaughtered  animal  is  left  without  being  disemboweled,  these  bacteria  will  make 
their  way  from  the  alimentary  tract  through  the  capillary  vessels  of  the  intestinal 
villi  into  the  arterioles,  the  alkaline  contents  of  which  (rich  in  albumen)  are  especially 
favorable  to  these  acidly  putrefactive  bacteria,  so  that  the  entire  carcass  quickly 
begins  to  undergo  decomposition.  This  early  decay  may  be  prevented  by  the  imme- 
diate removal  of  the  entire  alimentary  canal,  from  esophagus  to  rectum,  and  if  this 
precaution  is  taken  the  flesh  (as  already  shown)  will  for  a  time  remain  free  from 
putrefactive  bacteria.  If  putrefaction  afterwards  sets  in,  it  is  probably  due  to  bacteria 
from  external  sources  which  have  obtained  access  to  the  flesh. 

The  gradual  penetration  of  bacteria  by  way  of  the  blood  vessels  into  the  interior 
of  the  flesh  has  been  studied  by  Trombetta  and  Gartner.  Gartner  found  them  in  the 
external  layers  only  of  meat  3  days  old,  but  at  the  end  of  7  days  they  had  penetrated 
2  cm.  below  the  surface.  It  is  probable,  however,  that  the  flesh  of  fish  is  not  so  resist- 
ant to  the  penetration  of  bacteria.  The  sources  of  this  bacterial  infection  can  not  be 
entirely  removed,  but  they  can  be  considerably  reduced  by  cleanly  procedure,  as 
.  above  recommended,  and  attempts  may  be  made  to  restrict  the  increase  of  the  microbes 
and  thus  arrest  the  process  of  decay.  The  most  common  remedy  is  cold,  but  experi- 
ment has  shown  that  the  temperature  must  be  kept  some  degrees  below  freezing  to 
obtain  the  best  results.  This  method  is  used  not  only  in  the  American  and  Australian 
abattoirs,  but  haddock  caught  in  Norway  are  cleaned  and  frozen  at  — 50°  C  and  then 
shipped  in  specially  constructed  steamers.  This  freezing  of  fish  does  not  immediately 
kill  the  bacteria  present,  for  Koch  has  found  very  many  bacteria  in  fish  treated  in  this 
way,  but  it  prevents  tlie  reproduction  of  the  bacteria  for  the  time  being. 

Foster  has  found  that  certain  germs  increase  in  meat  stored  at  moderately  low 
temperatures,  though  actual  putrefaction  is  not  produced  by  them.  Moreover,  the 
researches  of  Framkel,  Bordoin,  Uffreduzzi,  Prudden,  and  Heyroth  show  us  that 
natural  ice  may  contain  both  putrefactive  and  pathogenic  bacteria.  This  fact  alone 
should  teach  us  to  look  with  suspicion  upon  any  meat  that  has  been  brought  in  direct 
contact  with  ice  of  unknown  origin,  especially  when  the  ice  is  allowed  to  melt  so  that 
the  drip  soaks  into  the  flesh. 
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OF  THE  OCEAN  SUN-FISH. 


By  ERIK  H.  GRKEN,  A.  M. 


Tlie  tissue  under  examination  was  obtained  from  a  sun-flsh*  taken  near  the  labora- 
tory of  tlie  United  States  Fisli  Commission  at  Woods  Hole,  and  at  the  time  the  study 
was  undertaken  had  been  preserved  in  alcohol  for  nearly  a  year.  The  preserved 
fragments  were  of  a  creamy  white  color,  homogeneous,  very  tough  and  inelastic,  and 
under  the  microscope  were  found  to  consist  almost  entirely  of  elastic-like  fibers.  As 
no  reference  to  the  chemical  composition  of  this  substance  could  be  found,  the  following 
analyses  were  undertaken  to  determine  (1)  whether  the  tissue  was  composed  wholly 
of  elastin,  and  (2)  what  was  the  essential  constituent  if  the  tissue  was  found  not  to 
be  composed  of  elastin. 

The  analyses  were  conducted  as  follows:  A  few  grams  of  the  alcoholic  tissue  were 
cut  into  small  fragments,  rinsed  in  water,  and  dried  at  110°  C.  When  dry  the  frag- 
ments were  of  yellow  color,  semitransparent,  hard,  and  brittle.  They  were  insoluble 
in  hot  or  cold  10  per  cent  sodium  carbonate,  but  cold  50  per  cent  acetic  acid  caused 
them  to  swell  enormously,  although  they  did  not  dissolve.  The  dry  fragments  were 
soluble  in  strong  potassic  hydrate,  in  hot  1  per  cent  potassic  hydrate  after  one  hour, 
in  cold  7  per  cent  potassic  hydrate  after  two  hours,  and  in  the  hot  7  per  cent  potassic 
hydrate  were  dissolved  in  a  few  minutes.  Deflagrated  with  soda  and  niter  they  showed 
the  presence  of  sulphur  and  of  a  trace  of  phosphorus. 

The  alcoholic  tissue  was  insoluble  in  ammonia  (sp.  gr,  0.955),  in  lime  water,  in  cold 
1  per  cent  hydrochloric  acid,  and  in  hot  or  cold  10  per  cent  sodium  carbonate.  It  was 
slowly  soluble  in  boiling  water,  cold  10  per  cent  hydrochloric  acid,  cold  1  per  cent 
potassic  hydrate,  and  glacial  acetic  acid.  It  was  readily  soluble  in  strong  hot  hydro- 
chloric acid,  and  nitric  acid,  in  cold  potassic  hydrate  (14  per  cent),  and  in  hot  5  per 
cent  potassic  hydrate. 

A  characteristic  of  collogen  is  its  property  of  gelatinizatiou.  To  test  this  property 
in  the  tissue  under  examination,  the  following  experiments  were  made:  About  50 

*The  sun-fish,  Mola  viola  (Linnaeus),  is  found  ou  the  Atlantic  coast,  in  summer  as  far  north  as 
the  Newfoundland  Bauks.  It  occurs  in  such  uunibers  that  ten  or  more  may  be  seen  in  a  single  day, 
the  large  black  dorsal  tins  elevated  above  the  surface  of  the  water  betraying  the  presence  of  the 
animals  as  they  drift  leisurely  along.  Their  total  nufituess  for  food  and  their  pelagic  life  have 
rendered  tliein  safe  from  the  persecutions  of  the  fishermen,  and  not  only  are  they  abundant,  but  the 
individuals  attain  to  euoriuous  size.  Specimens  7  or  8  feet  in  length  weigh  several  hundred  pounds. 
A  very  large  percentage  of  the  weight  of  each  individual  is  made  up  of  a  firm  tissue  superficially 
resembling  blubber,  but  not  oleaginous.  By  the  following  chemical  analyses  this  tissue,  heretofore 
considered,  worthless,  is  shown  to  yield  collogen,  an  albuminoid,  which  is  the  basis  of  all  glues  and 
gelatins.     The  fish  are  thus  shown  to  have  considerable  commercial  value. — H.  C.  Bumpus. 
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grams  of  the  tiiiely  divided  and  well- washed  tissue  were  boiled  for  0  liours  in  lialf  a 
liter  of  distilled  ^yate^,  the  water  beiug  renewed  as  it  evaporated.  The  tissue  almost 
eomjdetely  dissolved,  and  the  yellowish  solution  on  cooling  became  somewhat  viscid, 
but  it  did  not  gelatinize,  eveu  Miieu  evaporated  to  a  volume  of  ouly  100  c.  c.  The 
couceutrated  solution  Mas  diluted  aud  filtered.  It  was  neutral  to  litmus,  was  precipi 
tated  by  phosphotungstic  acid,  and  by  phosi)homolybdi('  acid:  the  precipitates  were 
insoluble  ou  heating,  but  were  soluble  in  potassic  hydrate.  When  precii)itated  by 
]\[illou's  reageut  the  precipitate  was  soluble  iu  excess  of  reageut.  When  precipitated 
by  tannic  acid,  b^'  metaphosphoric  acid,  absolute  alcohol,  and  mercuric  chloride  in 
presence  of  free  hydrochloric  acid  the  precipitates  were  insoluble. 

The  solution  gave  no  precipitate  with  acetic  acid  aud  potassium  ferrocyanide, 
neutral  or  basic  acetate  of  lead,  alum,  cupric  sulphate  or  acetate,  ferric  chloride, 
sodium  orthophosphate,  or  mercuric  potassium  iodide.  It  was  not  blackened  when 
boiled  with  lead  acetate  and  potassic  hydrate.  It  gave  a  strong  biuret  reaction,  aud 
ou  boiling  did  not  reduce  copper.  Hot  concentrated  sulphuric  acid  and  glacial  acetic 
acid  produced  no  violet  coloration.  Hot  strong  nitric  acid  gave  no  precipitate  or  color- 
ation, but  subsequent  addition  of  ammonia  caused  a  deep  orange  tint.  Saturated 
with  ammonium  sulphate,  the  solution  gave  a  copious  precipitate,  which  floated  on  the 
surface  of  the  liquid,  forming  a  coagulum-like  layer.  Picric  acid  in  saturated  solution 
l)roduced  a  light-yellow  precipitate,  insoluble  in  excess  of  the  reageut,  soluble  iu  hot, 
insoluble  in  cold  water.  On  shaking,  a  stiff  coagulum  formed  above  the  subnatant  clear 
liiiuid,  so  that  the  test  tube  could  be  inverted  without  loss  of  its  contents.' 

To  a  few  centimeters  of  the  original  solution,  several  drops  of  formaldehyde  (40 
per  cent  solution  in  water)  Mere  added,  and  the  whole  evaporated  to  dryness.  The 
residue  was  insoluble  in  hot  or  cold  water.     It  had  become  apparently  formogelatin. 

The  reactions  given  above  shoM'^  that  true  proteids,  also  choudriu,  are  absent,  or 
present  in  (juantities  too  small  for  detection.  All  the  phenomena,  especially  the 
])eculiar  and  characteristic  reactions  given  by  picric  acid,  ammonium  sulphate,  and 
formaldehyde,  point  to  the  presence  of  gelatin,  notMithstauding  the  fact  that  the 
solution  did  not  gelatinize  aud  that  the  original  tissue  was  soluble  in  dilute  potassic 
hydrate.  Elastin  can  be  present  only  in  traces,  if  at  all,  since  it  is  insoluble  in  boiling 
water,  even  after  9G  hours'  boiling,-  and  insoluble  also  in  1  per  cent  potassic  hj'drate,-^ 
which  dissolves  the  tissue  under  consideration. 

The  following  exi)eriments  were  made  to  determine  whether  other  substances 
were  present  with  the  collogen-like  albuminoid. 

Several  grams  of  the  alcoholic  tissue  were  cut  up,  washed,  and  treated  with  cold  5 
per  cent  ]>otassi<-  hydrate.  After  24  hours  the  tissue  Mas  almost  wholly  dissolved;  the 
solution  M'as  filtered,  slightly  acidified  with  acetic  acid,  and  submitted  to  the  folloMing 
reactions.  Phosphotungstic  acid  gave  a  precipitate  soluble  on  heating,  and  phospho 
molybdic  acid,  tannic  acid,  and  metaphosphoric  acid  also  gave  precii)itates.  The 
solution  Mas  not  precipitated  by  acetic  acid  aud  i)Otassium  ferrocyanide,  nitric  acid, 
basic  or  neutral  lead  acetate,  or  copper  sulphate,  and  it  gave  a  stroug  biuret  reaction. 
There  was  no  coloration  with  hot  sulphuric  and  glacial  acetic  acid.  The  fact  that  the 
precipitate  given  by  phosphotungstic  acid  is  soluble  by  heatiug  shoMS,  according  to 
the  researches  of  Mallet,^  that  true  proteid  substances  can  not  be  present  in  the 

'Alien  and  Tankard's  test  for  j^elatin.     Allen's  Com.  Or^an.  .Vnalysis,  vol.  iv,  1898,  p.  469. 
-Cliittenden  and  Hart.     Zuit.  Tiir  Biologic,  7  Bd.,  s.  369- (abs. — Horbaczewski  Zeit.  fiir  I'hvs. 
Chemie,  Bd.  6,  a.  330.) 
^Ibid. 
<U.  S.  Dept.  Agric,  Division  of  Chem.,  Bull.  54,  1S9X,  pp.  20-21. 
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solution;  for  proteid  tsubstiinccs,  iucliuliiij;-  gelatin  and  choiulrin  and  excepting 
peptones,  give  precipitates  insoluble  on  heating.  In  testing  the  boiling- water  solu- 
tion of  the  tissue  as  given  before,  the  i)hosphotungstic  acid  precipitate  was  found  to 
be  insoluble  on  heating. 

The  behavior  of  the  substance  with  digestive  fluids  was  as  follows:  (A)  Frag- 
ments of  the  tissue  were  rapidly  digested  at  40°  C,  when  treated  with  a  pepsin 
hydrochloric  acid  solution.  (B)  When  treated  with  an  alkaline  trypsin  solution,  the 
fragments  were  attacked  with  extreme  slowness.  For  this  experiment  about  40 
grams  of  the  alcoholic  tissue  were  cut  up  fine,  well  washed  to  remove  excess  of 
alcohol,  and  then  treated  with  a  0.5  per  cent  sodium  carbonate  solution  of  pancreatin, 
to  which  a  few  fragments  of  thymol  were  added.  The  temperature  was  kept  at  or 
near  40°  O.  After  four  days  the  tissue  had  been  only  slightly  attacked,  but  at  the 
end  of  eight  days  it  was  almost  completely  dissolved.  When  boiled  in  water  (for  10 
minutes)  and  then  subjected  to  the  action  of  the  trypsin  solution,  the  fragments  were 
dissolved  almost  completely  in  24  hours.  The  same  result  was  obtained  by  first  swell- 
ing the  washed  tissue  fragments  in  dilute  acetic  acid  and  then  submitting  them  to 
digestion.  The  behavior  of  the  subdermal  connective  tissue  towaid  digestive  fluids 
seems  to  identify  it  with  collogen,  the  basis  of  bone,  cartilage,  and  other  gelatine- 
yielding  substances  of  the  body.  True  collogens  are  wholly  unaflected  by  tryptic 
digestion,  unless  they  have  been  heated  previously  with  water  or  swelled  with  acids.^ 

QUANTITATIVE    ANALYSIS. 

A  preliminary  analysis  was  made  to  determine  the  percentage  of  nitrogen,  sul- 
phur, and  ash  in  the  dried  alcoholic  tissue,  ^o  attempt  was  made  to  estimate  the 
amount  of  phosphorus,  since  the  qualitative  examination  showed  only  mere  traces  of 
this  element.  In  this,  as  in  the  following  analysis,  the  nitrogen  was  determined  by 
the  Gunning  moditictation  of  the  Kjeldahl  method,  using  mercuric  oxide  as  an  oxidiz- 
ing agent,  and  cochineal  as  an  indicator  in  the  back-titration.  Sulphur  was  estimated 
as  barium  sulphate  in  the  usual  way,  after  fusion  of  the  tissue  with  sodium  carljonate 
and  potassium  nitrate.  Carbon  and  hydrogen  were  determined  as  usual  by  combus- 
tion with  cupric  oxide,  a  zone  of  lead  chromate  being  placed  after  the  oxide  to  arrest 
any  sulphur  dioxide  present. 

About  50  grains  of  the  alcoholic  tissue  were  cut  up,  dried  for  several  days  at 
90°  C,  i)ulverized  and  redried  at  110°  C,  to  constant  weight.  Analysis  of  this  dry 
substance  gave  the  following  results : 


Quantity  of 
substance 
(grama). 

Constituents. 

Ash. 

JJitrogen. 

Sulphate  of  barium. 

Grams. 

Per  cent. 

1 
Grams,    i  Per  cent. 

Grams. 

1 
Per  cent 

of 
sulphur. 

1.5040 
.8162 
.2829 
.2414 

.  2065 
.6498 
.6836 

.  0221 

1.47 

; 

.  1337             16. 37 
.04^46           16.77 
.  04032           16.  70 
.03458     1       16.71 

.0245 
:0206 

.53 
.42 



1.47 

16.64 

.47 

'  Hoppe-Seyler. — Handbuch  d.  Phys.  u.  Path.  Chem.  Analyse,  6  Atif.,  s.  270. 
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These  results  sheil  no  light  on  the  proteid  eonipositiou  of  the  tissue,  except  that 
the  perceutage  of  nitrogen  corresponds  almost  exactly  to  that  given  by  Chittenden 
and  llartwell',  for  the  nitrogen  in  elastiu  prepared  from  the  neck  bands  of  cattle. 
This  fact  has  little  weight,  however,  in  view  of  the  high  percentage  of  ash  present  in 
the  tissues  under  consideration. 

About  50  grams  of  the  tissue  were  reduced  to  fragments,  and  washed  repeatedly, 
by  decantation,  with  cold  water.  The  fragments  were  then  washed  with  90  per  cent 
alcohol  for  1*4  hours,  and  allowed  to  stand  under  ether,  with  frequent  shaking,  for  30 
hours.  The  material  was  then  removed,  freed  from  excess  of  ether,  and  dried  in  the 
air  bath  at  110^  C,  to  constant  weight.  The  dry  fragments  were  tough  and  leathery, 
and  could  not  be  powdered.  A  portion  gave  with  Millou's  reagent  a  light  pinkish 
color.    Analysis  of  this  dried  substance  gave  the  following  results : 


Quantity  of 

substance 

(grams). 

Constituents. 

Water. 

Carbon  dioxide. 

Nitrogen. 

Ash. 

Grams. 

Per  cent 
of  hydro- 
gen. 

Oranis. 

Per  cent 
of  carbon. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

.3229 

.3658 
.3381 
.4095 

.1988 
.2227 

6.84 
6  75 

.5704 

filTfi 

48.18 
48.28 

.0013 

.40 

. 06146 
.  08568 

18.17 
18.25 

6.80 

48.23 

18.21 

.40 

By  diflference,  oxygen  +  sulphur  =  sum  of  means  from  100  —  20.36  per  cent. 

The  high  perceutage  of  nitrogen  shows  at  once  that  the  tissue  is  not  composed  of 
elastin.  Both  the  carbon  and  the  nitrogen  determinations  would  indicate  that  the 
tissue  is  a  coUogenous  substance,  and  under  appropriate  treatment  it  has  yielded  glue 
of  excellent  quality. 

Brown  University,  Providence,  Rhode  Island, 
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^UP  <Sti'it<itoiiiHS  rhrysops).      Three  views  of  the  same  fish  taken  while  alive  in  tne  aquarium  of  the  United 
States  Fish  Commission  at  Woods  Hole,  Mass 
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THE  GAS-BUBBLH  DISHASE  OF  l-ISH  AM)  ITS  CAUSI: 


Bv  F.  r.  GORHAM,  A.  M., 

Assistant  Professor  of  Biology,  Brozcn  University. 


For  several  years  it  lias  beeu  uoticed  that  many  salt-water  lisb  when  kept  in 
aquaria  develop,  after  a  louger  or  shorter  period,  a  disease  which  is  lirst  mauifested  in 
the  formation  of  vesicles  of  gas  ou  the  fins  or  other  parts  of  the  body.  These  vesicles 
gradually  increase  in  size  and  number,  and  finally  invade  all  su])erficial  parts  of  the 
animal.  The  iius,  one  after  another,  become  affected,  and  the  vesicles  frcupiently  form 
in  the  eyeball,  beneath  the  cornea,  or  in  the  loose  connective  tissue  of  the  orbit,  so  that 
the  eyes  are  forced  from  their  sockets;  less  frequently  the  bubbles  gather  beneath  the 
mucous  membrane  lining  the  mouth  and  gill-arches,  or  beneath  the  integument,  partic- 
ularly along  the  lateral  line,  so  that  the  scales  are  raised  from  the  surface.  The  pres- 
ence of  these  vesicles  ofteu  disturbs  the  equilibrium  of  the  fish  so  that  it  swims  about 
with  its  head  elevated,  or,  more  frequently,  directed  downward  or  tilted  to  one  side. 

The  disease  has  been  noticed  only  in  fish  kept  in  the  arpiaria.  It  has  not  been 
found  in  specimens  taken  from  the  sea,  nor  has  it  been  observed  in  fish  kept  in  "cars" 
in  deep  water,  nor  in  those  retained  in  "pounds,"  the  water  of  Avhich  is  from  G  to  12 
feet  in  depth.  The  affected  fish  live  a  shorter  or  louger  time  after  the  vesicles  begin  to 
appear,  some  succumbing  in  a  few  hours,  others  resisting  the  disease  for  several  weeks. 
Young  "puffers"  usually  die  in  less  than  24  hours  after  being  placed  in  the  aquaria,  but 
several  scup  lived  for  weeks  after  their  eyes  had  actnally  dropped  from  their  sockets. 

The  following  fish  were  affected  by  the  disease  during  the  spring  and  summer  of 
1898,  and  the  list  includes  all  the  fish,  with  two  exceptions,  which  were  kept  in  the 
aipiaria  of  the  Fish  Commission  at  Woods  Hole,  Mass.,  from  March  to  September : 


Common  name. 


Winter  floinidtT . 
Summer  floumler 

Ilog  choker 

Tiiutog' 

Tomcod 

Squirrel  hake 

Hake 

Sea-rohin 

Sea  robin 

Puller 

Toail-lish 

Stickleback 

Gunner 

Pipe-tish 

Sea  bas8 

liutter-tish 

Kndderlish 

Scuj) 


Scientific  name. 


Pseudopleuronectes  americanus 

Paraliclithys  dentatus 

Achirus  fasciatus , 

Tautoga  onitis 

Mieroj;adu8  tomcod 

ITiopliycis  tenuis 

Urophyeis  chuss 

Priouotus  caroliuus 

Priouotus  strigatus  . .' 

Spheroides  maculatus 

Opsanu.s  tau 

Gasterosteus  bispinosus 

TautOffolabru.s  adspersus 

Siphostoma  f  usctim 

Centrojiristes  striatus 

lihombus  triacant bus 

Palinurichthys  pereiformis 

Stenotomua  chi'ysops 


Bathymetric 

range. 

Fatho 

ms. 

1  to 

30 

1 

30 

1 

30 

1 

30 

1 

15 

1 

300 

1 

ir)0 

5 

80 

5 

KO 

9 

10 

8 

5 

35 

100 
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The  following  invertebrates  showed  signs  of  the  disease:  Squid,  naked  mollusks, 
scallops  {Pecten  tcnuicostata),  hydroids  [runjplui  crocea).  Squid  egg-.sacs  and  some  of 
the  green  alga'  also  developed  internal  bubbles  a])parently  of  the  same  nature. 

Minnows  {Fiindulus  hetcrocUiiis  and  Cyprinodon  varieijatus)  and  skates  {Raja 
erinacca)  in  no  case  were  affected. 

In  most  tish  the  d^ease  mauifests  itself  first  on  the  fins,  but  in  the  scup  it  attacks 
the  socket  of  the  eye  and  gradually  forces  the  eyeball  fiom  the  orbit  (plate  12).  In 
the  adult  puffer  the  dorsal  fin  is  first  attacked;  in  the  young  puffer  the  base  of  the 
tail.  In  the  pipe-fish  the  bubbles  ai)pear  about  the  snout  and  later  sjjread  to  other 
parts  of  the  body.  In  young  winter  flounders  (about  1  centimeter  long)  the  body 
cavity  freijuently  contaius  a  large  bubble. 

The  disease  is  not  confined  to  the  aquaria  at  Woods  Hole.  Mr.  L.  B.  Spencer, 
who  is  in  charge  of  the  Battery  Park  Aquarium  in  New  York  City,  writes  me  that  he 
has  noticed  it  there  for  several  years. 

From  the  ai)pearauce  of  the  fish,  from  the  rapid  development  of  the  disease  in  fish 
introduced  into  the  aquaria,  and  from  the  nonappearance  of  the  disease  in  fish  outside 
of  the  acjuaria,  it  at  first  seemed  to  me  that  the  aiiuaria  had  become  infected  with  some 
disease-producing  organism,  that  the  organism  was  a  "  gas  producer,"  and  that  it 
spread  rapidly  through  the  tissues  of  tlie  fish  and  produced  the  gas  which  collected  as 
bubbles  in  various  parts  of  the  body.  With  this  idea  in  mind  the  task  of  finding, 
isolating,  and  studying  the  organism  was  begun. 

All  of  the  tissues  of  the  fish  were  searched  thorough!}^  for  foreign  organisms; 
hundreds  of  cultures  were  made  on  the  ordinary  and  also  on  special  media,  such  as 
fish-bouillon,  fish-gelatin,  and  fish-agar.  The  cultures  were  kept  warm,  cold,  and  at 
the  temperature  of  the  water  in  the  aquaria;  cover-glass  "  smears"  were  repeatedly 
examined;  but  all  to  no  purpose.  Not  a  sign  of  any  pathogenic  organism  was  found. 
The  only  pathological  change  noticed  in  the  tissues  was  a  remarkably  emphysematous 
condition  of  epidermis,  muscles,  connective  tissue,  fat,  etc.,  in  the  neighborhood  of  the 
vesicles.  I  became  convinced  that  the  disease  could  not  be  attributed  to  the  invasion 
of  micro-organisms. 

Two  phenomena  suggested  a  new  line  of  inquiry:  (1)  None  of  the  small  shallow- 
water  fish  developed  bubbles:  (2)  the  deep-sea  fish  when  brought  to  the  surface  by 
line  or  dredge  often  show  a  protrusion  of  the  eyes  and  an  expansion  of  the  tissues, 
comparable  to  the  conditions  under  consideration.  Could  not  the  disease  be  the  direct 
result  of  the  reduction  of  pressure  upon  the  tissues  of  the  fish,  a  reduction  which 
must  occur  when  animals  habituated  to  a  life  in  deeper  water  are  compelled  to 
live  in  the  shallow  water  of  the  aquaria? 

To  answer  this  question  the  following  experiment  was  made:  Several  young  scup 
were  placed  in  water  in  a  flask;  the  air  was  then  exhausted  from  above  the  water, 
thus  reducing  the  pressure.  As  soon  as  the  pressure  was  at  all  diminished,  the  fish 
immediately  sought  the  bottom  of  the  flask,  heads  down,  and  made  every  effort  to 
seek  deeper  water  and  thus  regain  their  normal  pressure.  By  their  continued  struggles 
they  soon  became  exhausted  and  came  to  the  surfiice.  The  atmospheric  pressure  was 
then  restored  and  they  became  quiet  and  swam  about  naturally.  The  reduction  of 
pressure  was  repeated  three  or  four  times  at  intervals  of  30  minutes.  After  the 
exjieriment  the  eyes  of  the  fish  showed  well-developed  bubbles.  The  experiment  was 
repeated  on  tlie  following  day,  with  the  same  fish,  with  the  result  that  the  bubbles 
enlarged  until  the  eyes  began  to  protrude. 
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Other  experiments,  indicated  in  the  following  table,  were  made: 
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Fish. 


Scnp  (f)  cm.  long) 

Same  tisli 

Sciii)  (5  cm.  loiij:) 

Searobiu  (6  (;m.  long) 

Sea- robin  (G  cm.  louir) 

Puffer 

Minnow  (Gyprinodon  variegatust 


Total  length  of 

time  aiib.jected 

to  reduction  of 

atmosjilieric 

pressure. 


Urs. 
1 
1 
1 
3 
0 
4 
6 


Bubbles  in  eyes. 

Bubbles  enlarged;  oyi-s  protrude. 

()neey<'  shows  bubbles  Mud  liouiorrliage. 

Hiihble.s  on  jiectoral  lin  and  on   '■feelers." 

liubl)les  on  lower  jaw. 

Bubbles  on  tail. 

No  change. 


Normal  fish  were  kept  as  controls  in  all  cases  and  showed  no  change.  Whenever 
scui)  were  subjected  to  this  redaction  their  eyes  were  affected  first;  bubbles  formed 
and  the  eyes  protruded  in  much  less  time,  but  in  exactly  the  same  way  as  in  soup 
Ijlaced  in  the  aquaria.  In  the  young  sea-robins  bubbles  appeared  on  the  pectoral  tins 
and  on  the  finger-like  appendages,  while  in  the  young  puffers  they  appeared  at  the 
base  of  the  tail.  In  all  these  cases  the  jiarts  first  affected  were  the  same  as  those 
subject  to  the  disease  in  the  aquaria.  The  minnows  unaffected  in  the  aquaria  were 
unaffected  by  the  removal  of  the  atmospheric  pressure. 

Now,  the  question  naturally  arises,  will  the  increase  in  |)ressure  improve  the 
condition  of  the  fish  already  suffering  from  the  disease?  Small  scup  taken  from 
the  aquarium,  already  showing  protrusion  of  the  eyes  and  bubbles  on  the  head  and 
fins,  were  subjected  to  a  pressure  equal  to  16  feet  of  water.  In  24  hours  many  of  the 
bubbles  had  disappeared,  and  the  eyes  had  returned  to  their  normal  condition. 
Under  this  treatment  puffers  recovered  from  a  decidedly  diseased  condition  in  24  hours. 
The  data  of  tliese  experiments  may  be  tabulated  as  follows: 


Fish. 


Scup  with  bubbles  on  head 

Scup  with  protruded  eye 

Scnp  with  bubbles  on  head  and  jirotruded  ej-e 

Puffers  (3.5  cm.  long).    Bubbles  at  base  of  tail 

Puffer  (3.5  cm.  long) .     Bubbles  on  dorsal  tin 

Puffer  (3.5  cm.  long).    Bubbles  on  eye  and  on  fln... 

Puffer  (3.5  cm.  long).    Large  bubble  under  right  fin. 


Length  of  time 

subjected  to 

pressure  of  16 

feet  of  water. 


Hours. 
24 
24 
24 
24 
24 
24 

24 


Kesults. 


Bubbles  disappeared. 
Eye  nearly  normal. 
Entirely  normal. 

Do." 
Normal. 

Eye    nearly    normal, 
on  fin  disappeared. 
Normal. 


Control  animals  checked  the  results  of  these  exi)eriments. 

lu  both  the  reduced  and  the  increased  pressure  experiments  above  tabulated 
young  fish  were  used,  but  whenever  adult  animals  were  employed  similar  results  were 
obtained. 

The  change  in  pressure  which  fish  must  undergo  when  transferred  from  the  ocean 
to  aquaria  is  not  small  in  amount.  We  have  onl}'  to  consider  that  at  the  surface  the 
pressure  is  about  14.7  pounds  per  square  inch,  and  that  for  every  foot  in  depth  it 
increases  at  the  rate  of  0.445  pound  per  square  inch.  At  a  depth  of  5i  fathoms  the 
pressure  is  just  double  that  at  the  surface,  and  at  a  depth  of  300  fathoms  it  would 
amount  to  over  800  pounds. 
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Now,  as  may  be  seen  by  referring  to  the  table  of  the  depths  from  which  the  tish 
under  consideration  were  taken,  a  reduction  of  pressure  must  take  phice  when  lish 
are  couliued  in  shallow  aquaria.  Their  tissues  relax  uuder  the  reduction,  and  any 
gas  present  must  expand.  Since,  according  to  the  law  of  the  expansion  of  gases,  a 
volume  of  gas  occupies  just  twice  the  space  at  the  surfac-e  that  it  does  at  5i  lathoms, 
a  lish  drawn  from  300  fathoms  to  the  surface  must  suffer  an  expansion  of  its  contained 
gases  to  over  54  times  their  original  volume. 

Gas  is  present  in  all  lish,  in  the  alimentary  tract,  in  the  air  bladder,  and  in  the 
blood  and  other  Uuids  of  the  body.  As  this  gas  expands  and  seeks  an  outlet  the 
tissues  are  loosened  and  torn  apart;  the  intestine  and  air  bladder  are  greatly  distended 
and  perhaps  ruptured,  the  circnlatiou  of  the  blood  is  impeded  or  stojiped,  and 
vesicles  of  gas  form  in  various  parts  of  the  body. 

These  phenomena  have  been  noticed  for  a  long  time  in  fish  taken  from  great 
depths.  Such  tish  are  usually  dead  when  they  reach  the  surface,  their  eyes  are  i)ro- 
truded,  their  air  bladder  is  ruptured,  their  intestines  are  everted  from  mouth  or  anus, 
and  their  scales  are  often  lifted  from  the  skin.  The  greater  the  depth  from  which 
they  come  the  more  i)ronounced  are  the  changes.  So  great  is  the  pressure  to  which 
some  of  the  deep-sea  tish  are  subjected  {Melamphaes  heanii  from  2,040  fathoms  sustains 
a  pressure  of  .'J.O  tons  per  square  inch),  that  the  structure  of  the  bones,  connective 
tissues,  and  muscles  is  peculiarly  moditied.  Even  iu  tish  taken  from  15  or  20  fathoms 
one  may  note  the  protrusion  of  the  eyes,  the  eversion  of  the  intestine,  and  the  noise 
of  the  expanding  gas  working  through  the  tissues. 

We  are  thus  led  to  the  conclusion  that  the  "gas  bubble  disease"  is  caused  by  a 
reduction  of  i)ressure.  Naturally,  the  disease  has  never  been  noticed  excci)t  in  the 
aipuiria;  normally  shallow-water  tish  are  never  affected,  and  the  greater  the  normal 
<lepth  of  a  fish  the  more  severely  is  it  affected.  Occasionally  certain  deep-water  tish 
voluntarily  seek  the  surface,  but  it  is  only  when  they  can  not  return  to  deeper  water 
that  the  changes  brought  about  by  the  expansion  of  gases  become  evident. 

it  is  interesting  to  compare  these  changes  in  tish  with  those  observed  in  higher 
animals  when  subjected  to  alterations  of  pressure.  Animals  at  the  surface  of  the 
earth  are  subjected  to  an  atmospheric  jiressure  of  about  14.7  pounds  per  s([uare  inch. 
When  this  pressure  is  diminished  or  increased,  physiological  changes  result.  Moun- 
tain climbers,  at  an  elevation  of  2  miles,  suffer  from  increased  rapidity  of  respiration, 
quickened  pulse,  painful,  throbbing  headache,  tiow  of  blood  from  the  nose,  eyes,  and 
mouth,  nausea,  and  vomiting.  On  the  other  hand,  when  tiie  i)ressure  is  increased  to 
from  50  to  GO  i)ounds  ])er  s(iuare  inch,  as  iu  caissons,  workmen  experience  an  annoy- 
ing sensation  about  the  tympanum,  an  irritation  of  the  skin  called  the  "puces,"  an 
alteration  of  the  voice,  deep,  slow,  and  easy,  respiration,  active  digestion,  an  absence 
of  thirst,  and  an  increased  secretion  of  saliva  and  urine.  Return  to  uornnil  pressure 
has  the  same  effect  as  going  into  raretied  air.  The  "puces"  is  replaced  by  a  chill, 
respiration  becomes  difiBcult,  the  pulse  is  rapid  and  bard,  there  are  pains  in  the  joints  and 
muscles,  and  persistent  cramps,  paralysis,  and  coma  are  frequent;  death  may  result 
in  a  few  minutes.  In  such  cases  autopsies  have  shown  congestion  of  the  viscera, 
emphysematous  spots  on  the  lungs,  and  other  indications  that  the  blood  contained 
bubbles  of  gas.* 


*I  am  indebted  to  Mr.  Frederick  T.  Lewis  for  cullinfj  my  attention  to  tliese  facts.    See  "The 
T)liysiolo{iical  cHects  of  com]»resscd  air,"  in  the  Boston  Medical  and  Surgical  Journal,  October  6,  iy'J8. 
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Experiments  liave  shown  that  under  eonipressed  air  tlie  amount  ofoxy<;en  absorbed 
by  tlie  blood  increases  with  the  pressure,  accorilin*^-  to  the  law  of  tlie  absorption  of 
gases.  It  may  be  the  liberation  of  this  oxygen  and  other  gases  under  reduced  pressure 
that  causes  death  in  the  above  cases. 

In  recording  experiments  upon  the  inlluence  of  liioh  pressures  ui)ou  varicms 
animals,  Monsieur  P.  IJegnard  says:  * 

A  fish  without  an  air  liladdor,  or  one  in  whip]i  thn  air  hladdor  has  lu-en  omptifxl  of  fjas»  fi-tn  he 
snhniittod  to  a  pressure  of  100  atniosplieres,  1,170  pounds  jkt  scjuaro  inch,  without  injury.  When 
the  air  Idadder  is  not  emptied  a  very  curious  phenomenon  is  ohserved.  Under  pressure  of  several 
atmospheres  the  p;as  of  the  air  hhidder  dissolves  in  the  hlood,  and  at  the  moment  of  deeompVession 
it  suddenly  becomes  disennaged  in  the  blood  vessels.  forniiu<j  a  foam  which  stops  all  circulation,  aud 
tlie  animal  dies;  for  the  same  reason  fish  drawn  from  the  depths  of  the  sea  are  dead  when  thoy  reach 
the  surface. 

The  bearing  of  this  matter  of  pressure  on  geographical  distribution  sliould  be 
considered.  It  might  seem  that  there  are  no  barriers  to  universal  distribution  in  the 
sea  save  those  indicated  by  the  isotherms,  but  the  isobars  must  indicate  the  location 
of  effectual  barriers  for  certain  species. 

Since  even  sliglit  changes  of  pressure  are  detrimental,  and  each  fish  swimming  in 
the  sea  tends  to  remain  at  about  one  level,  it  is  reasonable  to  suppose  that  when  a  fish 
leaves  this  level  the  difterence  of  pressure  becomes  uncomfortable  and  there  is  a 
tendency  for  it  to  return  to  its  normal  habitat.  The  air  bladder  is  at  present  considered 
not  an  organ  under  the  inlluence  of  the  muscles  of  the  fish,  by  means  of  which  it  alters 
its  specific  gravity,  but  rather  a  delicate  gauge,  which  notifies  the  animal  of  changes 
of  pressure  above  or  below  the  normal. 

Were  a  fish  to  pass  too  far  beyond  itsnormal  depth,  either  up  or  down,  the  expansion 
or  contraction  of  the  gas  of  the  air  bladder  would  so  change  the  specific  gravity  of  the 
animal  that  its  muscular  activity  would  no  longer  be  able  to  cope  with  the  upward  or 
downward  tendencj-,  and  the  fish  would  be  carried  to  the  surface  or  the  bottom.  Thus 
the  very  presence  of  an  air  bladder  works  the  destruction  of  the  fish.  Cases  are 
reported  where  deep  sea  fish  have  come  to  the  surfiice  in  this  way,  evidently'  having 
been  carried  too  far  from  their  normal  level  in  struggles  with  their  prey. 

It  is  true  that  slight  changes  of  level  may  be  brought  about  by  the  secretion  or 
absorption  of  gas  by  the  walls  of  the  air  bladder.  That  the  walls  of  the  air  bladder 
secreta  and  absorb  gas  has  been  shown  by  experiment.  1  have  repeatedly  emptied  the 
air  bladders  of  fish  and  found  a  small  amount  of  gas  secreted  in  24  hours.  But  this 
process  of  secretion  and  absorption  is  relatively  slow,  and  permanent  changes  of 
habitat  could  be  brought  about  only  very  gradually;  moreover,  only  very  slight 
changes  are  possible  for  each  species. 

Thus  we  see  that  fish  are  surrounded  by  barriers  of  pressure,  and  that  each  species 
and  probably  each  individual  is  constrained  to  remain  at  a  certain  level,  and  the 
restricted  distribution  of  certain  fish  is  thus  explained. 


*    Rechcrches  expcrinientales  snr  I'inlluence  des  tres  hautes  pressions  sur  les  organismes  vivants. 
Compt.  Ken.,  xcviii,  March  21,  1884,  p.  745. 
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